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This article reviews three new and emerging risk factors for stillbirth that may be modifiable or might
identify a compromised fetus. We focus on fetal movements, maternal sleep, and maternal diet. Recent
studies have suggested than a sudden increase in vigorous fetal activity may be associated with increased
risk of stillbirth. We review the papers that have reported this finding and discuss the implications as
well as potential future directions for research. There is emerging literature to suggest that maternal
sleep position may be a risk for stillbirth, especially if the woman settles to sleep supine. This risk is
biologically plausible. How this knowledge may be utilized to assist stillbirth reduction strategies is
discussed. Finally, we examine the somewhat limited literature regarding maternal diet and pregnancy
outcome. Introducing probiotics into the diet may prove useful, but further work is required. The possible
next steps for research are considered, as well as some potential intervention strategies that may ulti-
mately lead to stillbirth reduction.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

There are a wide range of established risk factors for stillbirth;
however, most of these risk factors have modest effect sizes and
may not be modifiable once the woman is pregnant. Additionally,
the findings from the large Stillbirth Collaborative Network Study
[1], a caseecontrol study, found that established risk factors such as
ethnicity, gestational diabetes, smoking, drug addiction, over-
weight/obesity, accounted for little of the variance between cases
and controls (19%). Thus to achieve a major stillbirth reduction in
high-income countries it is necessary to ‘think outside the box’ and
explore novel risk factors. If these novel risk factors are found to be
associated with stillbirth, primary prevention strategies might be
developed.

In this review we focus on three more recently explored risk
factors for stillbirth that may be modifiable or might identify a
compromised fetus: increased fetal movements, maternal sleep,
andmaternal diet. We also consider possible next steps for research
as well as some potential intervention strategies that may ulti-
mately lead to stillbirth reduction.
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2. Increased fetal movements

Maternal perception of reduced fetal movements has long been
associated with increased risk of small for gestational age infants,
fetal growth restriction (FGR), and stillbirth [2e4]. However, there
is emerging evidence to suggest that an increase in fetal movement
(particularly if this is sudden) is also associated with stillbirth, with
four recent studies reporting this.

The first to report this was a caseecontrol study from New
Zealand. Stacey et al. recruited 155 women who experienced a late
stillbirth and 310 controls, who were interviewed in pregnancy and
subsequently delivered a normal healthy baby. They demonstrated
that maternal perception of increased strength and frequency of
fetal movements, as well as frequent vigorous fetal activity, were
associated with a reduced risk of late stillbirth. However, they also
found that a single episode of vigorous fetal activity was associated
with an almost sevenfold increase in late stillbirth risk [adjusted
odds ratio (aOR): 6.81; 95% confidence interval (CI): 3.01e15.41]
[5]. In 2015, a Swedish group presented an analysis of an online
survey and found that 10% of a population of 215 women reported a
sudden increase in fetal movements in the 48 h before the stillbirth
[6]. Then a large international cohort study of 1714 stillbirth
mothers reported that 16.4% of women reported “a little more” or
“significantly more” fetal movement during a pregnancy that
ended in stillbirth at �28 weeks [7]. Some of the comments made
by mothers supported the Swedish study's findings in that the
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increase was sudden and occurred in the 48 h before the stillbirth,
e.g. “overall movement was the same except for the last 24 h with a
big spike in movement during the day and then nothing by eve-
ning” [7]. A recent caseecontrol study from the same group also
found that 16% of cases reported an increase in fetal movement over
the last two weeks of the pregnancy. Additionally they reported
that a sudden single episode of vigorous fetal activity described as
“crazy” was associated with a very similar increase in late stillbirth
risk also described by Stacey et al. (aOR: 4.59; 95% CI: 2.36e8.89)
[8]. Of note, the controls tended to describe vigorous activity
occurring on more than one occasion and did not use words like
crazy but instead described this movement as “strong” or
“powerful”. Furthermore, multiple episodes of vigorous movement
was associated with less risk in both case-control studies (aOR:
0.58; 95% CI: 0.33e1.03; and aOR: 0.44: 95% CI: 0.26e0.76,
respectively; both P < 0001) [5,8].

3. Intervention

Studies reporting the potential association between a single
episode of vigorous fetal movement and stillbirth are recent;
however, as this has been found in four separate studies we would
argue that care providers should consider their response when
women report an episode of vigorous fetal movements described
using words like “crazy”. International clinical practice guidelines
with respect to management of pregnant women perceiving absent
or reduced fetal movements recommend that these women should
contact their maternity services for further assessment of fetal
wellbeing [9e11]. It would seem logical to assume that the same
advice should be given to women presenting with a sudden in-
crease in fetal movement. It should be noted that presently the
utility of these symptoms to identify women at significantly
increased risk of stillbirth is limited by a lack of understanding
regarding how women describe them, and the large variation in
what is currently considered to be “normal” fetal activity. Never-
theless, with about 10e15% of women reporting this kind of change
it is probably important to change current nomenclature from
guidelines written for reduced or decreased fetal movements only,
to include women perceiving any kind of alteration from their
baby's normal pattern of movements. Furthermore, studies are
required to better understand maternal perception of increased
fetal movements and also how and why better understanding of
this fetal behavior might be to identify fetuses at highest risk of
antepartum stillbirth.

4. Where to from here?

It is feasible that women could be educated about extremes of
fetal activity, rather than RFM, alone and that an episode of sudden
increased fetal movement could be managed in the same way as a
decrease; however, as shown in a recent systematic review, there
are currently no proven strategies for the investigation and man-
agement of women presenting with decreased fetal movement
[12]. Nevertheless, earlier studies have demonstrated a reduction in
stillbirth numbers associated with maternal awareness and care
provider education. For example, the rate of stillbirth fell by 30%
after the introduction of such a package in Norway [13]. The Scot-
tish Government Health Department set up a Stillbirth Working
Group in 2011. The group has required clinicians to have a docu-
mented discussion about fetal movement in mid pregnancy, and
the stillbirth rate has been steadily falling in Scotland since then
[14]. On the back of this change there is currently a large multi-
center stepped-wedge cluster-randomized trial in the UK, funded
by the Scottish Government, that began in August 2014 and is
nearing completion [15]. The study (called AFFIRM: Can Promoting
Please cite this article in press as: Warland J, et al., Novel strategies to pre
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Awareness of Fetal movements and Focussing Interventions Reduce
Fetal Mortality?), aims to test the hypothesis that rates of stillbirth
may be reduced by introduction of an education intervention
consisting of strategies for increasing pregnant women's awareness
of the need for prompt reporting of decreased fetal movements,
alongside a management plan for care providers to appropriately
identify cases of placental insufficiency with timely delivery in
confirmed cases. The study also plans to evaluate whether it does
any harm (e.g. by increasing maternal anxiety, rates of caesarean
section or induction of labour), and, if proven effective, how it may
be implemented to best effect in different settings across the globe.
It is a prominent care provider concern that education and raising
awareness about changes in fetal movements might provoke
maternal anxiety, and yet it is important to note that several studies
have found that such interventions typically reduce anxiety levels
[13,16].

Another study currently underway in Australia and New Zea-
land is the “My Baby's Movements phone app trial” [17]. This
project is also using a step-wedge randomized approach to
examine the effectiveness that an educational phone application
reminder about fetal movements might have on stillbirth, recruit-
ing in 27 maternity hospitals in Australia and New Zealand. Similar
to the AFFIRM study [15], this group is also interested in any
“harms”whichmay result from such education and awareness such
as maternal anxiety and increased cost associated with investiga-
tion of women presenting with RFM.

Whatever the outcome of these two large studies, it seems
pertinent to add to existing guidelines what clinicians should do in
the event that women report a sudden single episode of vigorous
fetal movement, with the guidance also referring to such a change
rather than simply reduction.

5. Maternal sleep

Maternal sleep is a novel and relatively unexplored factor in
stillbirth research. It is only in the past decade that intense interest
in maternal sleep and pregnancy outcomes has occurred. This is
somewhat surprising since sleep is an essential component of
health; it consumes approximately one-third of human existence,
yet poor sleep can severely impair the other two-thirds. In 2011, a
meta-analysis of stillbirth risks [18] reported a number of impor-
tant and potentially modifiable risk factors for stillbirth: maternal
obesity, age, smoking, primiparity, hypertension, diabetes, small for
gestational age fetuses, and placental abruption. Recent estimates
suggest that about 10% of stillbirths are attributable to the global
epidemics of obesity, hypertension, and diabetes [19]. Importantly,
sleep has been demonstrated to play a role in many of these risk
factors.

Sleep is an important modulator of neuroendocrine function
and glucose metabolism; there is a clear association between sleep
loss and development of obesity [20]. Both insufficient sleep and
sleep-disordered breathing (SDB) are important contributors to
conditions such as hypertension [21e23] and diabetes [24] in the
non-pregnant state. Addressing such underlying sleep problems
prior to pregnancy is one strategy that could help women begin
their pregnancies in better health, particularly since obesity, pre-
existing hypertension, and diabetes are three of the largest con-
tributors to stillbirths [19].

5.1. Maternal sleep-disordered breathing

Sleep-disordered breathing (SDB) is a spectrum of nocturnal
respiratory abnormalities that range from habitual snoring to
obstructive sleep apnea. It is widespread yet often undiagnosed,
especially in women, as about 90% with SDB are not aware of its
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://
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presence [25]. Increased weight promotes SDB and, importantly, an
increase in weight by only 10% is associated with a sixfold increase
in the development of significant SDB [26]. In addition to the link
between SDB and pre-existing hypertension and diabetes, there is
now increasing evidence that maternal SDB is independently
associated with gestational hypertension/pre-eclampsia [27e31],
eclampsia [31], and gestational diabetes [31e33]. Notably, half of
pregnant womenwith hypertension have unrecognized obstructive
sleep apnea [34]. Furthermore, in pre-eclampsia, sleep is associated
with adverse hemodynamic changes that can be minimized by
positive airway pressure therapy [35]. This raises the possibility
that at least a proportion of the >200,000 stillbirths that are
attributable to pre-eclampsia and eclampsia [19] could potentially
be avoided with better identification and management of under-
lying disorders such as SDB that are amenable to treatment.

Fetal growth restriction increases the risk for stillbirth. A fetal
size <10th centile has been shown in meta-analyses to be associ-
ated with a fourfold increased risk of stillbirth, with a population
attributable risk of 23% [18]. Whereas there are several causes for
FGR, particularly related to placental problems, maternal SDB likely
plays a role. Multiple studies using subjective and objective
methods of SDB assessment have reported an association with FGR
[30,36e38] although this finding is not universal [27,39]. However,
rather than a single measure of fetal size at birth, a link with
decrease in fetal growth velocity between the third trimester and
birth has been reported [40]. Recent data have demonstrated a
slowing in serial fetal growth measures across the last trimester in
fetuses of women with untreated obstructive sleep apnea, regard-
less of whether the birth weight was <10th centile, a trajectory not
observed in women who received positive airway pressure treat-
ment [41]. It is physiologically plausible that maternal SDB pro-
motes FGR via mechanisms which are established to lead to
placental dysfunction including hypoxemia, hypercapnia, and
activation of inflammatory pathways, all of which may contribute
to poor placental oxygen and nutrient exchange [42]. The accu-
mulation of supporting evidence of a role for SDB in FGR further
emphasizes that identification and treatment of maternal SDB may
be a novel intervention to improve fetal wellbeing.

Whereas the above studies suggest that maternal SDB plays a
role in key risk factors known to be associated with stillbirth, most
studies are not large enough to examine the direct link between
SDB and stillbirth. Owusu et al. [43] found no association between
maternal SDB and stillbirth in Ghana, although this study was very
small and underpowered for stillbirth. Large epidemiological
studies have also failed to find an independent association between
SDB and stillbirth [31] or perinatal death [44]. None of these
studies, however, were designed to specifically investigate these
relationships. Two caseecontrol studies of stillbirth have collected
data on maternal sleep [45,46]. Neither study found a link between
SDB symptoms and stillbirth.

5.2. Maternal sleep position

It is well known that maternal posture, especially the supine
position, in late pregnancy can have a profound impact onmaternal
cardiovascular parameters [47,48]. Marked physiological alter-
ations occur during pregnancy including a 30e50% increase in
cardiac output [49e51]. From a physiological standpoint, in the
supine position there is compression by the gravid uterus of the
abdominal blood vessels, with the consequent reduction of venous
filling load and cardiac output [52] impaired uterine perfusion, and
subsequent impairment of gas exchange with the fetus resulting in
fetal heart rate decelerations. Notably, a shift from the supine po-
sition to the left lateral position has been documented to improve
cardiac hemodynamics by a significant increase in venous return,
Please cite this article in press as: Warland J, et al., Novel strategies to pre
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stroke volume, and cardiac output [53]. The change in maternal
position from supine to lateral likely relieves compression on the
vena cava from the gravid uterus and the increasing venous return
leads to an increase in stroke volume and thus cardiac output [53].
The increase in cardiac output may be as much as 28e35% when
moving from supine to left lateral in the third trimester [53,54].
These observations underpin the recommendations that a left-
lateral position be adopted when fetal heart rate abnormalities
are identified in labour [55].

Despite knowledge of such hemodynamic alterations in the
supine position in pregnant women who are awake, little consid-
eration has been offered to the supine position during sleep. Since
one-third of the human lifespan is spent asleep, the fetus is exposed
to repetitive and possibly prolonged episodes of maternal supine
sleep. A seminal publication from the Auckland Stillbirth Study
suggested that maternal supine sleep plays a role in late stillbirth
(stillbirth at 28 weeks' of gestation or beyond) [45]. In this case-
econtrol study, women who experienced a stillbirth reported
having settled to sleep in the supine position more than twice as
often on the presumed night before their baby's death (aOR: 2.54;
95% CI: 1.04e6.18), compared with controls [45]. In addition, an
increased odds of stillbirth was found with infrequent getting up to
toilet, long sleep duration, and daytime napping, all of which could
also support prolonged vena caval compression.

There are limitations to this study, such as the inability to
confirm the reported sleep position and the potential of recall bias
in the approximately three weeks between a stillbirth and
completion of the structured interview. However, the authors
pointed out that women would often frame their recall of position
settled in at night by reference to things such as their preference for
facing “away from the door” or sleeping facing their spouse,
meaning it was likely that they recalled their sleep position
correctly. Furthermore, women who have experienced such a
devastating loss will often report that events around the time of the
stillbirth will be forever seared into memory. For example, findings
from investigations of risk factors for sudden infant death syn-
drome (SIDS) demonstrate that women are able to remember many
details of the events leading up to and around the time of their
baby's death [56,57].

Although the findings of Stacey et al. [45] have been attributed
to chance, reverse causation, and/or different sources of bias [58],
other studies have supported a potential role for supine sleep.
Subsequent cross-sectional study in Ghana e a country with very
high perinatal mortality rates [59] e found that women who re-
ported sleeping at least some of the night supine had an eightfold
odds of stillbirth compared to womenwho reported only side sleep
(aOR: 8.0; 95% CI: 1.5e43.2) after accounting for other risk factors
[43]. Supine sleepwas also independently associatedwith low birth
weight in this study, and, when low birth weight was added to the
stillbirth model, the odds ratio for the statistical significance be-
tween supine sleep and stillbirth was eliminated (aOR: 4.9; 95% CI:
0.80e31.4). This finding suggests that low birth weight might
mediate the effects of supine sleep on stillbirth or that the low birth
weight baby is more vulnerable to the effects of supine sleep.
Whereas this was a relatively small study, unlike Stacey et al. [45]
where cases were stillbirths, the pregnancy outcomes in the Gha-
naian study [43] were unknown to the investigators at the time of
enrolment.

In a recent matched caseecontrol study of stillbirths in
Australia, Gordon et al. [46] have reported similar findings to the
original data from Stacey et al. [45]. Womenwho delivered stillborn
babies reported supine sleep position over the previous month at
increased odds (aOR: 6.3; 95% CI: 1.2e34.0). Moreover, preliminary
findings of a new caseecontrol study from the New Zealand group
have further confirmed their earlier results in that women who
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://
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settled to sleep in the supine position had more than three times
the odds of stillbirth (aOR 3.48; 95% CI: 1.67e7.27) [60]. This adds
even more evidence to the now accumulating data that maternal
supine sleep is a risk for stillbirth.

In the Australian Stillbirth Study, fetuses who were small for
gestational age were over-represented in the stillbirth group [46].
This, in addition to the finding that maternal sleep practices such as
SDB [36,40,41] and supine sleep [43] may be associated with fetal
growth problems, suggests that growth-restricted fetuses may
constitute an especially vulnerable group. Taken together, the
accumulating evidence endorses the triple-risk model [61] that
maternal sleep position may be an additional stressor to an already
vulnerable fetus. Moreover, it is physiologically plausible since the
reduction of maternal cardiac output in the supine position might
impede utero-placental blood flow and increase the risk of poor
fetal growth and subsequently stillbirth.

If the role of maternal sleep position is causative, approximately
one-quarter to one-third of stillbirths might be prevented by sim-
ply asking women to change their sleep position [43,45]. In order to
confirm or refute these emerging findings, a large caseecontrol
study has recently been completed in the UK that was designed to
focus on maternal sleep position [62]. In addition to supine sleep,
this study was adequately powered to identify whether right-sided
sleep position is a risk factor for stillbirth and also to examine
whether maternal sleep position is a particular risk factor for the
already compromised fetus.

5.3. Parallels with sudden infant death syndrome (SIDS)

Supine sleep as a potential modifiable risk factor for late still-
birth mirrors data from studies of SIDS [63e68]. Although an
increased odds of prone sleep had been noted in SIDS as early as
1970 [66], it was not until 1988 that Beal [69] summarized several
caseecontrol studies and stated that all had found prone position to
be more frequent in SIDS compared to control infants. Data from a
prospective cohort further supported these findings [70]. Inter-
estingly, some of the same concerns that have been voiced recently
in response to the article by Stacey et al. [45] associating maternal
supine sleep and stillbirth were also voiced following the initial
studies regarding infant sleep position and SIDS. For example, recall
bias of maternal sleep position was a critique of Stacey's work
[71,72] and was also raised as a concern in the early SIDS reports
[73].

Nonetheless, it was not until data from the UK [65] and New
Zealand [68] were published that infant sleep position in SIDS
started to become of interest to public health policy-makers. Sub-
sequently, following national implementation of interventional
health campaigns in New Zealand, the UK, and Australia, the pro-
portion of infants sleeping prone was markedly reduced; in New
Zealand the reduction was from 43% to <5% [67]. The incidence of
SIDS in these countries also fell substantially following the public
health messages of “Back to Sleep” [67,74,75]. As other countries
followed, a fall in the overall infant mortality rate and the post-
neonatal mortality rate [76,77] meant that more attention could be
given to deaths for which no sufficient explanation could be found.

As suggested by Platts et al. [62], it is possible that similar
principles regarding sleep position in SIDS could apply to late
stillbirth. In the 1990s randomized controlled trials were consid-
ered in the investigation of SIDS but rejected due to the large
sample size needed and ethical constraints in randomizing babies
to be placed in a sleeping position associated with increased risk of
death [78]. Doubt remained regarding the robustness of the avail-
able data linking infant sleep position to SIDS, especially since the
vast majority of prone-sleeping infants did not die. Similarly, the
current literature reporting an association between maternal
Please cite this article in press as: Warland J, et al., Novel strategies to pre
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supine sleep and stillbirth is limited to caseecontrol studies
[45,46,60] and one small cross-sectional study [43]. Given that the
majority of pregnant women spend some time sleeping in the su-
pine position [79] it is highly likely that the majority of babies of
supine-sleeping mothers do not die either. The parallels between
studies of SIDS and stillbirth are striking e as is the balance be-
tween the ethical issues of withholding information that has the
potential to save lives and the knowledge that implementation of
something that is not proven could have adverse consequences
[77,78]. Public health campaigns for SIDS, nonetheless, had support
and were launched around the world with significant reductions in
SIDS rates. It is quite possible that reduction in the stillbirth rate is
likely to require a similar population-based public health inter-
vention, albeit not without similar criticism.

6. Potential interventions

If supine sleep position is a potential fetal stressor, then avoid-
ance (or minimization) of this sleep position might be one strategy
to reduce stillbirth risk. It could be assumed that supine sleep is
infrequent in late pregnancy due to maternal discomfort; however,
the majority of women spend some time asleep on their back [79].
Importantly, of those who do have supine sleep, the median
duration is about one-quarter of their sleep period. This constitutes
a significant amount of time during which a fetus could be exposed
to a potential stressor in a cyclical pattern as often as every night,
and therefore demonstrates a clear window of opportunity for
intervention. There has been a little research, however, exploring
ways in which such an intervention might be achieved.

Simply advising pregnant women to settle to sleep on the left
side may be one way of reducing supine sleep. Data from a video
study [80] in which women were asked to settle to sleep on their
left side ewithout any other advice or techniques to maintain non-
supine sleepe resulted in less supine sleep and an average of 59% of
time in bed on their left side. This suggests that simple instruction
may be enough, at least partially, to change maternal behavior.

Another potentially useful strategy is positional therapy. The
concept of positional therapy within respiratory medicine is long-
established, effective, and safe, and avoidance of supine sleep has
known benefits for reducing supine-dependent SDB in the general
population [81,82]. The tennis ball technique, where a tennis ball is
sewn into the back of sleep wear, is the classic example of simple
positional therapy [83] although elevation of body position has also
shown to be helpful in pregnant women with SDB [84]. Pregnant
women frequently use body pillows tomaintain comfort during the
night; such pillows are typically advertized as aids for aches, pains,
spinal misalignment, and indigestion and are widely available for
purchase. These pillows could easily be used to helpmaintain a left-
sided sleeping position. A small pilot study designed to capture the
impact of a sleep position device on length of supine sleep time in
pregnancy has shown promising results: for the 60% of participants
who spent time sleeping supine without the device, the average
time supine was reduced from 56 to 12 min [8].

7. Where to from here?

Whereas further caseecontrol studies will provide additional
data either in support e or otherwise e of the emerging findings
regarding the role of maternal supine sleep in stillbirth, other
studies are currently in progress to determine whether positional
intervention can significantly reduce or eliminate the proportion of
time pregnant women spend in the supine sleep position. Whereas
small, objective studies are feasible and will shed light on whether
positional devices are useful and capable of significantly reducing
supine sleep time in committed and well-educated pregnant
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://
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women, generalizing such findings to more disadvantaged or high-
risk groups will be difficult. Future research should also determine
whether there are any harms, such as loss of sleep quality or
increased maternal anxiety, associated with positional therapy.
Furthermore, adherence to any intervention during pregnancy will
always remain challenging.

Rather than focus on objective measures of sleep position, one
approach to reduce supine sleep time may be achieved by educa-
tion of healthcare providers and women themselves. Lessons could
be learned from the above-mentioned studies focused on RFM in
Norway [13] and Scotland [14] that have both shown promising
reduction in stillbirth rates following introduction of maternal
education and a specific pathway of care for responding to women
who present with RFM. Given the potential to significantly reduce
the stillbirth rate, there appears to be little reason why advocating
settling to sleep on the left side should not also be strongly rec-
ommended as part of a care pathway for pregnant women.

8. Diet

Examination of the role of diet as it relates to stillbirth is com-
plex, as macronutrients, micronutrients, dietary patterns, vitamins,
trace elements, and essential fatty acids all need to be considered.

A Cochrane review of “Antenatal dietary education and sup-
plementation to increase energy and protein intake” found clear
evidence that the risk of stillbirth was significantly reduced for
women given a balanced energy and protein supplementation
[relative risk (RR): 0.60; 95% CI: 0.39e0.94; five trials, 3408
women] [85]. They also reported that nutritional education did not
affect stillbirth rates (RR: 0.37; 95% CI: 0.07e1.90; one trial, 431
women). Furthermore the studies examining high-protein sup-
plementation and isocaloric protein supplementation did not
report data on stillbirth risk. It should be noted that these trials
were conducted in low- and middle-income countries, except one
in low-income black women in Harlem, New York City [86].

It is well established that folic acid supplementation taken
before conception reduces the risk of neural tube defects. During
pregnancy there is an increased demand for folate. A Cochrane
review examined folic acid supplementation during pregnancy for
maternal health and pregnancy outcomes [87]. They found no
conclusive evidence of benefit of folic acid supplementation during
pregnancy on pregnancy outcomes, including stillbirths/neonatal
deaths (RR: 1.33; 95% CI: 0.96e1.85; three trials, 3110 women). Two
relevant studies have been reported from the Nurses' Health Study
II (11,072 women and 15,950 pregnancies) in which pre-pregnancy
dietary patterns were not associated with stillbirth [88] and pre-
pregnancy folate intake was also not associated with stillbirth [89].

A meta-analysis of 12 randomized controlled trials (RCTs)
comparing recommended dietary allowance of multiple micro-
nutrients with iron and folic acid alone did not decrease the risk of
stillbirth (OR: 1.01; 95% CI: 0.88e1.16) [90]. Another meta-analysis
of multiplemicronutrient supplementation during pregnancy came
to the same conclusion (RR: 0.98; 95% CI: 0.88e1.10; 13 trials) [91].
Another large RCT in Bangladesh, reported after these meta-
analyses were done, also came to the same conclusion [92]. A
large study of almost 60,000 pregnancies in Bangladesh, supple-
mented with vitamin A or beta-carotene, did not reduce stillbirths
compared with placebo [93].

The majority of RCTs have been conducted in low- and middle-
income countries where dietary deficiencies are widespread, and
these have been negative. It seems unlikely that dietary supple-
ments (e.g. high-protein, multiple micronutrients, vitamins) would
be beneficial in high-income countries where deficiencies are
relatively infrequent.

There may also be some lessons from animal husbandry. Zinc
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supplementation treatment decreases stillbirth in pigs [94], but
omega-3 fatty acids have been shown not to affect stillbirth rates in
pigs [94] or rabbits [95].

Probiotics are live micro-organisms, which, when given in suf-
ficient amounts, confer a health benefit. There have been no clinical
trials of probiotics powered to assess possible impact on stillbirth
risk in human clinical trials. In Japan, a fertilizer has been developed
from a byproduct of fermented marine animal resources, which
contains thermophilic bacteria. The compost is distributed over the
soil or sprayed on to leaves. As the thermophilic bacteria might
affect the health of the animals that feed on them, a study was
undertaken of the effects of oral administration of an extract of this
compost to pigs [96]. The stillbirth rate was markedly lower in
those fed the extract compared with controls. This intriguing study
raises many questions including: whether this reduction would
also be seen in humans, whether this effect is specific to these
thermophilic bacteria, or if other probiotics might produce the
same effect? Even if such effect could be demonstrated,marketing a
compost extract for pregnant women would be challenging!
9. Intervention

Even if a dietary intervention could be found, it is probably too
late to domuch about altering the diet once thewoman is pregnant.
Therefore educationwould need to start before the woman became
pregnant. As overweight/obesity is an established risk factor for
stillbirth, advice to reduce weight before getting pregnant may be
important.
10. Conclusions

The recent stillbirth priority-setting partnership mentioned in
the Introduction identified eleven relevant research priorities. This
review considers evidence and intervention strategies for three of
these, namely:

1. Do modifiable ‘lifestyle’ factors (e.g. diet, vitamin deficiency,
sleep position, SDB) cause or contribute to stillbirth risk?

2. Which antenatal care interventions are associated with a
reduction in the number of stillbirths?

3. Would more accessible evidence-based information on signs
and symptoms of stillbirth risk, designed to empower women to
raise concerns with healthcare professionals, reduce the inci-
dence of stillbirth? [1]

Of these, maternal sleep position has the strongest evidence for
an association with late stillbirth and has a plausible biological
mechanism. In our opinion public health messages promoting
avoidance of supine sleep position should be implemented and the
effects on stillbirth evaluated. A single episode of sudden increase
in fetal movements is an intriguing new finding; whereas this
needs further exploration, maternity care providers should be alert
not to discount these kinds of reports from pregnant women,
especially if they express concern that this behavior is out of the
ordinary for their baby. Diet is unlikely to be a contributing factor, at
least not in high-income countries. However, the potential role of
probiotics and risk of stillbirth needs to be further explored.

Practice points

� Care providers should consider evaluating fetal wellbeing if the
mother reports a single episode of vigorous fetal movement
described using words like “crazy.”

� Clinical practice guidelines should be updated to include
confirmation of fetal wellbeing after maternal perception of
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://
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sudden increased fetal movement, as for reduced fetal
movement.

� Maternity care providers should consider asking women to
avoid the supine sleep position, especially when settling to sleep
in late pregnancy.

� Public awareness of the importance of eating a healthy diet and
maintaining an ideal body weight is important for women
planning a pregnancy.

Research directions

� Prospective studies are required to better understand maternal
perception of a sudden increase in vigorous fetal movements
and also how and why better understanding of this fetal
behavior might be to identify fetuses at highest risk of ante-
partum stillbirth.

� Prospective studies are required to explore the effectiveness of a
“settle to sleep on the side” message in late pregnancy in
reducing stillbirth rates, as well as effective ways to enable
pregnant women to avoid spending time sleeping supine in late
pregnancy.

� Research is needed to examine whether the benefit of probiotics
for stillbirth reduction seen in animal studies is transferable to
human populations.

� Combining findings from caseecontrol studies could increase
the power to detect interactions between different factors and
detect further associations with stillbirth.
Conflict of interest statement

None declared.

Funding sources

None.

References

[1] Stillbirth Collaborative Research Network Writing Group. Association be-
tween stillbirth and risk factors known at pregnancy confirmation. JAMA
2011;306:2469e79.

[2] Heazell AE, Frøen JF. Methods of fetal movement counting and the detection
of fetal compromise. J Obstet Gynaecol 2008;28:147e54.

[3] O'Sullivan O, Stephen G, Martindale E, Heazell AE. Predicting poor perinatal
outcome in women who present with decreased fetal movements e a pre-
liminary study. J Obstet Gynaecol 2009;29:705e10.

[4] Dutton PJ, Warrander LK, Roberts SA, et al. Predictors of poor perinatal
outcome following maternal perception of reduced fetal movements e a
prospective cohort study. PLoS One 2012;7:e39784.

[5] Stacey T, Thompson JM, Mitchell EA, Ekeroma A, Zuccollo J, McCowan LM.
Maternal perception of fetal activity and late stillbirth risk: findings from the
Auckland Stillbirth Study. Birth 2011;38:311e6.

[6] Linde A, Pettersson K, Rådestad I. Women's experiences of fetal movements
before the confirmation of fetal death e contractions misinterpreted as fetal
movement. Birth 2015;42:189e94.

[7] Warland J, O'Brien LM, Heazell AE, Mitchell EA, STARS Consortium. An inter-
national internet survey of the experiences of 1,714 mothers with a late
stillbirth: the STARS cohort study. BMC Pregn Childbirth 2015;15(172).

[8] Warland J, et al. Fetal response to maternal sleep position: preliminary find-
ings from an intervention study. In: The 2016 international conference on
stillbirth, SIDS and baby survival. Montevideo: ISA/ISPID; 2016.

[9] Society of Obstetricians and Gynaecologists of Canada. Fetal health surveil-
lance: antepartum and intrapartum consensus guideline. J Obstet Gynaecol
Can 2007;29:S1e56.

[10] Preston S, Mahomed K, Chadha Y, et al., for the Australia and New Zealand
Stillbirth Alliance (ANZSA). Clinical practice guideline for the management of
women who report decreased fetal movements. 2010. Brisbane.

[11] Royal College of Obstetricians and Gynaecologists. Reduced fetal movements.
Greentop guideline. No. 57. London: RCOG; 2011.

[12] Hofmeyr GJ, Novikova N. Management of reported decreased fetal move-
ments for improving pregnancy outcomes. Cochrane Database Syst Rev
2012;(4):CD009148.
Please cite this article in press as: Warland J, et al., Novel strategies to pre
dx.doi.org/10.1016/j.siny.2017.01.005
[13] Tveit JV, Saastad E, Stray-Pedersen B, et al. Reduction of late stillbirth with the
introduction of fetal movement information and guidelines e a clinical quality
improvement. BMC Pregn Childbirth 2009;9(32).

[14] Harley D, et al. Fetal movement awareness: reducing stillbirth in Scotland.
2016. http://www.healthcareimprovementscotland.org.

[15] Norman J. Can promoting awareness of fetal movements and focussing in-
terventions reduce fetal mortality e a stepped wedge cluster randomised
trial? [study protocol]. 2014. http://www.crh.ed.ac.uk/affirm/files/2014/08/
AFFIRM-protocol-V4_31-March-2014_Approved.pdf.

[16] Heazell AEP, Bernatavicius G, Roberts SA, et al. A randomised controlled trial
comparing standard or intensive management of reduced fetal movements
after 36weeks gestation e a feasibility study. BMC Pregn Childbirth
2013;13(95).

[17] Australian and New Zealand Stillbirth Alliance Research Consortium. My
Baby's Movements: a stepped wedge cluster randomised controlled trial to
raise maternal awareness of fetal movements during pregnancy [study pro-
tocol]. 2016. http://www.stillbirthalliance.org.au/doc/MBM%20_multi_%
20centre_trial_protocol.pdf.

[18] Flenady V, Koopmans L, Middleton P, et al. Major risk factors for stillbirth in
high-income countries: a systematic review and meta-analysis. Lancet
2011;377(9774):1331e40.

[19] Lawn JE, Blencowe H, Waiswa P, et al. Lancet Ending Preventable Stillbirths
Series study group; Lancet Stillbirth Epidemiology investigator group. Still-
births: rates, risk factors, and acceleration towards 2030. Lancet
2016;387(10018):587e603.

[20] Broussard JL, Van Cauter E. Disturbances of sleep and circadian rhythms:
novel risk factors for obesity. Curr Opin Endocrinol Diabetes Obes 2016;23:
353e9.

[21] Gangwisch JE, Feskanich D, Malaspina D, Shen S, Forman JP. Sleep duration
and risk for hypertension in women: results from the nurses' health study.
Am J Hypertens 2013;26:903e11.

[22] Hu FB, Willett WC, Manson JE, et al. Snoring and risk of cardiovascular disease
in women. J Am Coll Cardiol 2000;35:308e13.

[23] Somers VK, White DP, Amin R, et al. Sleep apnea and cardiovascular disease:
an american heart association/american college of cardiology foundation
scientific statement from the american heart association council for high
blood pressure research professional education committee, council on clinical
cardiology, stroke council, and council on cardiovascular nursing. collabora-
tion with the National Heart, Lung, and Blood Institute National Center on
Sleep Disorders Research (National Institutes of Health) Circulation 2008;118:
1080e111.

[24] Anothaisintawee T, Reutrakul S, Van Cauter E, Thakkinstian A. Sleep distur-
bances compared to traditional risk factors for diabetes development: sys-
tematic review and meta-analysis. Sleep Med Rev 2015;30:11e24.

[25] Young T, Evans L, Finn L, Palta M. Estimation of the clinically diagnosed
proportion of sleep apnea syndrome in middle-aged men and women. Sleep
1997;20:705e6.

[26] Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudinal study of
moderate weight change and sleep-disordered breathing. JAMA 2000;284:
3015e21.

[27] Bourjeily G, Raker CA, Chalhoub M, Miller MA. Pregnancy and fetal outcomes
of symptoms of sleep-disordered breathing. Eur Respir J 2010;36:849e55.

[28] O'Brien LM, Bullough AS, Owusu JT, et al. Pregnancy-onset habitual snoring,
gestational hypertension, and preeclampsia: prospective cohort study. Am J
Obstet Gynecol 2012;207. 487 e1e9.

[29] Pamidi S, Pinto LM, Marc I, Benedetti A, Schwartzman K, Kimoff RJ. Maternal
sleep-disordered breathing and adverse pregnancy outcomes: a systematic
review and metaanalysis. Am J Obstet Gynecol 2014;210. 52ee1.

[30] Franklin KA, Holmgren PA, J€onsson F, Poromaa N, Stenlund H, Svanborg E.
Snoring, pregnancy-induced hypertension, and growth retardation of the
fetus. Chest 2000;117:137e41.

[31] Louis JM, Mogos MF, Salemi JL, Redline S, Salihu HM. Obstructive sleep apnea
and severe maternaleinfant morbidity/mortality in the United States
1998e2009. Sleep 2014;37:843e9.

[32] Reutrakul S, Zaidi N, Wroblewski K, et al. Sleep disturbances and their rela-
tionship to glucose tolerance in pregnancy. Diabetes Care 2011;34:2454e7.

[33] Luque-Fernandez MA, Bain PA, Gelaye B, Redline S, Williams MA. Sleep-
disordered breathing and gestational diabetes mellitus: a meta-analysis of
9,795 participants enrolled in epidemiological observational studies. Diabetes
Care 2013;36:3353e60.

[34] O'Brien LM, Bullough AS, Chames MC, et al. Hypertension, snoring, and
obstructive sleep apnoea during pregnancy: a cohort study. Br J Obstet
Gynaecol 2014;121:1685e93.

[35] Blyton DM, Sullivan CE, Edwards N. Reduced nocturnal cardiac output asso-
ciated with preeclampsia is minimized with the use of nocturnal nasal CPAP.
Sleep 2004;27:79e84.

[36] O'Brien LM, Bullough AS, Owusu JT, et al. Snoring during pregnancy and de-
livery outcomes: a cohort study. Sleep 2013;36:1625e32.

[37] Micheli K, Komninos I, Bagkeris E, et al. Sleep patterns in late pregnancy and
risk of preterm birth and fetal growth restriction. Epidemiology 2011;22:
738e44.

[38] Chen YH, Kang JH, Lin CC, Wang IT, Keller JJ, Lin HC. Obstructive sleep apnea
and the risk of adverse pregnancy outcomes. Am J Obstet Gynecol 2012;206.
136 e1e5.

[39] Louis JM, Auckley D, Sokol RJ, Mercer BM. Maternal and neonatal morbidities
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://

http://refhub.elsevier.com/S1744-165X(17)30015-X/sref1
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref1
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref1
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref1
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref2
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref2
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref2
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref2
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref3
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref3
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref3
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref3
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref3
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref4
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref4
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref4
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref4
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref5
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref5
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref5
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref5
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref6
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref6
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref6
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref6
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref6
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref7
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref7
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref7
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref8
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref8
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref8
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref9
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref9
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref9
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref9
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref10
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref10
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref10
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref11
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref11
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref12
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref12
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref12
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref13
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref13
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref13
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref13
http://www.healthcareimprovementscotland.org
http://www.crh.ed.ac.uk/affirm/files/2014/08/AFFIRM-protocol-V4_31-March-2014_Approved.pdf
http://www.crh.ed.ac.uk/affirm/files/2014/08/AFFIRM-protocol-V4_31-March-2014_Approved.pdf
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref16
http://www.stillbirthalliance.org.au/doc/MBM%20_multi_%20centre_trial_protocol.pdf
http://www.stillbirthalliance.org.au/doc/MBM%20_multi_%20centre_trial_protocol.pdf
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref18
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref18
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref18
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref18
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref19
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref19
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref19
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref19
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref19
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref20
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref20
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref20
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref20
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref21
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref21
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref21
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref21
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref22
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref22
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref22
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref23
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref24
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref24
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref24
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref24
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref25
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref25
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref25
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref25
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref26
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref26
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref26
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref26
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref27
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref27
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref27
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref28
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref28
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref28
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref28
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref29
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref29
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref29
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref29
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref30
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref30
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref30
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref30
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref30
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref31
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref32
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref32
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref32
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref33
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref33
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref33
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref33
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref33
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref34
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref34
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref34
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref34
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref35
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref35
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref35
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref35
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref36
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref36
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref36
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref37
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref37
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref37
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref37
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref38
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref38
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref38
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref38
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref39


J. Warland et al. / Seminars in Fetal & Neonatal Medicine xxx (2017) 1e7 7
associated with obstructive sleep apnea complicating pregnancy. Am J Obstet
Gynecol 2010;202. 261 e1e5.

[40] Fung AM, Wilson DL, Lappas M, et al. Effects of maternal obstructive sleep
apnoea on fetal growth: a prospective cohort study. PLoS One 2013;8:e68057.

[41] Kneitel AW, Treadwell MC, O'Brien LM. Effects of maternal sleep apnea on
fetal growth. Am J Obstet Gynecol 2016;214:250.

[42] Worton, et al. Understanding the placental aetiology of fetal growth restric-
tion; could this lead to personalized management strategies? Fetal Matern
Med Rev 2014;25:95e116.

[43] Owusu JT, Anderson FJ, Coleman J, et al. Association of maternal sleep prac-
tices with pre-eclampsia, low birth weight, and stillbirth among Ghanaian
women. Int J Gynaecol Obstet 2013;121:261e5.

[44] Bin YS, Cistulli PA, Ford JB. Population-based study of sleep apnea in preg-
nancy and maternal and infant outcomes. J Clin Sleep Med 2016;12:871e7.

[45] Stacey T, Thompson JM, Mitchell EA, Ekeroma AJ, Zuccollo JM, McCowan LM.
Association between maternal sleep practices and risk of late stillbirth: a
caseecontrol study. BMJ 2011;342:d3403.

[46] Gordon A, Raynes-Greenow C, Bond D, Morris J, Rawlinson W, Jeffery H. Sleep
position, fetal growth restriction, and late-pregnancy stillbirth: the Sydney
stillbirth study. Obstet Gynecol 2015;125:347e55.

[47] Kinsella SM, Lee A, Spencer JA. Maternal and fetal effects of the supine and
pelvic tilt positions in late pregnancy. Eur J Obstet Gynecol Reprod Biol
1990;36:11e7.

[48] Ellington C, Katz VL, Watson WJ, Spielman FJ. The effect of lateral tilt on
maternal and fetal hemodynamic variables. Obstet Gynecol 1991;77:201e3.

[49] Karamermer Y, Roos-Hesselink JW. Pregnancy and adult congenital heart
disease. Expert Rev Cardiovasc Ther 2007;5:859e69.

[50] Hunter S, Robson SC. Adaptation of the maternal heart in pregnancy. Br Heart
J 1992;68:540e3.

[51] Mahendru AA, Everett TR, Wilkinson IB, Lees CC, McEniery CM. A longitudinal
study of maternal cardiovascular function from preconception to the post-
partum period. J Hypertens 2014;32:849e56.

[52] Robson SC, Hunter S, Boys RJ, Dunlop W. Serial study of factors influencing
changes in cardiac output during human pregnancy. Am J Physiol 1989;256(4
Pt 2):H1060e5.

[53] Rossi A, Cornette J, Johnson MR, et al. Quantitative cardiovascular magnetic
resonance in pregnant women: cross-sectional analysis of physiological pa-
rameters throughout pregnancy and the impact of the supine position.
J Cardiovasc Magn Reson 2011;13:31.

[54] Ueland K, Hansen JM. Maternal cardiovascular dynamics. II. Posture and
uterine contractions. Am J Obstet Gynecol 1969;103:1e7.

[55] Simpson KR, James DC. Efficacy of intrauterine resuscitation techniques in
improving fetal oxygen status during labor. Obstet Gynecol 2005;105:
1362e8.

[56] Gibbons LE, Ponsonby AL, Dwyer T. A comparison of prospective and retro-
spective responses on sudden infant death syndrome by case and control
mothers. Am J Epidemiol 1993;137:654e9.

[57] Drews CD, Kraus JF, Greenland S. Recall bias in a caseecontrol study of sudden
infant death syndrome. Int J Epidemiol 1990;19:405e11.

[58] Strandberg-Larsen K, et al. Sleep-related practices and stillbirth: evidence
from the Danish National Birth cohort does not support a causal relation. BMJ
2011;342:d3403.

[59] Cousens S, Blencowe H, Stanton C, et al. National, regional, and worldwide
estimates of stillbirth rates in 2009 with trends since 1995: a systematic
analysis. Lancet 2011;377(9774):1319e30.

[60] McCowan L, et al. Supine sleep position in late pregnancy is associated with
increased risk of late stillbirth. In: The 2016 international conference on
stillbirth, SIDS and baby survival. Montevideo: ISPID/ISA; 2016.

[61] Warland J, Mitchell EA. A triple risk model for unexplained late stillbirth. BMC
Pregn Childbirth 2014;(14):142.

[62] Platts J, Mitchell EA, Stacey T, et al. The midland and north of England stillbirth
study (MiNESS). BMC Pregn Childbirth 2014;21(14).

[63] Beal SM. Sudden infant death syndrome: epidemiological comparisons be-
tween South Australia and communities with a different incidence. Aust
Paediatr J 1986;22(Suppl 1):13e6.

[64] de Jonge GA, Engelberts AC. Cot deaths and sleeping position. Lancet
1989;2(8672):1149e50.

[65] Fleming PJ, Gilbert R, Azaz Y, et al. Interaction between bedding and sleeping
position in the sudden infant death syndrome: a population based case-
econtrol study. BMJ 1990;301(6743):85e9.

[66] Froggatt P, Lynas MA, MacKenzie G. Epidemiology of sudden unexpected
death in infants (‘cot death’) in Northern Ireland. Br J Prev Soc Med 1971;25:
119e34.

[67] Mitchell EA, BruntJM Everard C. Reduction in mortality from sudden infant
death syndrome in New Zealand: 1986e92. Archs Dis Childh 1994;70:291e4.

[68] Mitchell EA, Scragg R, Stewart AW, et al. Results from the first year of the New
Zealand cot death study. NZ Med J 1991;104:71e6.

[69] Beal S. Sleeping position and sudden infant death syndrome. Med J Aust
Please cite this article in press as: Warland J, et al., Novel strategies to pre
dx.doi.org/10.1016/j.siny.2017.01.005
1988;149:562.
[70] Dwyer T, Ponsonby AL, Newman NM, Gibbons LE. Prospective cohort study of

prone sleeping position and sudden infant death syndrome. Lancet
1991;337(8752):1244e7.

[71] Starr O. Pregnant women deserve better research than this. BMJ 2011;342:
d3403.

[72] Froen JJ, Cacciatore J, Fretts RC, Flenady V. No need to worry about sleeping
position in pregnancy e quite yet. BMJ 2011;432:d3403.

[73] Southall DP, Stebbens VA, Samuels MP. Bedding and sleeping position in the
sudden infant death syndrome. BMJ 1990;301:482.

[74] Hiley CM, Morley CJ. Evaluation of government's campaign to reduce risk of
cot death. BMJ 1994;309:703e4.

[75] Dwyer T, Ponsonby AL. The decline of SIDS: a success story for epidemiology.
Epidemiology 1996;7:323e5.

[76] Wigfield RE, Fleming PJ, Berry PJ, Rudd PT, Golding J. Can the fall in Avon's
sudden infant death rate be explained by changes in sleeping position? BMJ
1992;304(6822):282e3.

[77] Mitchell EA, Ford RP, Taylor BJ, et al. Further evidence supporting a causal
relationship between prone sleeping position and SIDS. J Paediatr Child
Health 1992;28(Suppl 1):S9e12.

[78] Stanley FJ, Byard RW. The association between the prone sleeping position
and sudden infant death syndrome (SIDS): an editorial overview. J Paediatr
Child Health 1991;27:325e8. 79.

[79] O'Brien LM, Warland J. Typical sleep positions in pregnant women. Early Hum
Dev 2014;90:315e7.

[80] Warland J, Dorrian J. Accuracy of self-reported sleep position in late preg-
nancy. PloS One 2014;9(12).

[81] Cartwright RD, Lloyd S, Lilie J, Kravitz H. Sleep position training as treatment
for sleep apnea syndrome: a preliminary study. Sleep 1985;8:87e94.

[82] Veasey SC, Guilleminault C, Strohl KP, Sanders MH, Ballard RD, Magalang UJ.
Medical therapy for obstructive sleep apnea: a review by the medical therapy
for obstructive sleep apnea task force of the standards of practice committee
of the american academy of sleep medicine. Sleep 2006;29:1036e44.

[83] Oksenberg A, Silverberg D, Offenbach D, Arons E. Positional therapy for
obstructive sleep apnea patients: a 6-month follow-up study. Laryngoscope
2006;116:1995e2000.

[84] Zaremba S, Mueller N, Heisig AM, et al. Elevated upper body position im-
proves pregnancy-related OSA without impairing sleep quality or sleep ar-
chitecture early after delivery. Chest 2015;148:936e44.

[85] Ota E, Hori H, Mori R, Tobe-Gai R, Farrar D. Antenatal dietary education and
supplementation to increase energy and protein intake. Cochrane Database
Syst Rev 2015;(6):CD000032.

[86] Rush D, Stein Z, Susser M. A randomized controlled trial of prenatal nutritional
supplementation in New York City. Pediatrics 1980;65:683e97.

[87] Charles DH, Ness AR, Campbell D, Smith GD, Whitley E, Hall MH. Folic acid
supplements in pregnancy and birth outcome: re-analysis of a large rando-
mised controlled trial and update of Cochrane review. Paediatr Perinat Epi-
demiol 2005;19:112e24.

[88] Gaskins AJ, Rich-Edwards JW, Hauser R. Prepregnancy dietary patterns and
risk of pregnancy loss. Am J Clin Nutr 2014;100:1166e72.

[89] Gaskins AJ, Rich-Edwards JW, Hauser R, et al. Maternal prepregnancy folate
intake and risk of spontaneous abortion and stillbirth. Obstet Gynecol
2014;124:23e31.

[90] Ronsmans C, Fisher DJ, Osmond C, Margetts BM, Fall CH. Maternal Micro-
nutrient Supplementation Study Group. Multiple micronutrient supplemen-
tation during pregnancy in low-income countries: a meta-analysis of effects
on stillbirths and on early and late neonatal mortality. Food Nutr Bull
2009;30(4 Suppl):S547e55.

[91] Imdad A, Yakoob MY, Bhutta ZA. The effect of folic acid, protein energy and
multiple micronutrient supplements in pregnancy on stillbirths. BMC Public
Health 2011;11(Suppl 3:S4).

[92] West KP, Shamim AA, Mehra S, et al. Effect of maternal multiple micronutrient
vs ironefolic acid supplementation on infant mortality and adverse birth
outcomes in rural Bangladesh: the JiVitA-3 randomized trial. JAMA 2014;312:
2649e58.

[93] West Jr KP, Christian P, Labrique AB, et al. Effects of vitamin A or beta carotene
supplementation on pregnancy-related mortality and infant mortality in rural
Bangladesh: a cluster randomized trial. JAMA 2011;305:1986e95.

[94] Vallet JL, Rempel LA, Miles JR, Webel SK. Effect of essential fatty acid and zinc
supplementation during pregnancy on birth intervals, neonatal piglet brain
myelination, stillbirth, and preweaning mortality. J Anim Sci 2014;92:
2422e32.

[95] Rebollar PG, García-García RM, Arias-�Alvarez M, et al. Reproductive long-term
effects, endocrine response and fatty acid profile of rabbit does fed diets
supplemented with n-3 fatty acids. Anim Reprod Sci 2014;46:202e9.

[96] Miyamoto H, Kodama H, Udagawa M, et al. The oral administration of
thermophile-fermented compost extract and its influence on stillbirths and
growth rate of pre-weaning piglets. Res Vet Sci 2012;93:137e42.
vent stillbirth, Seminars in Fetal & Neonatal Medicine (2017), http://

http://refhub.elsevier.com/S1744-165X(17)30015-X/sref39
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref39
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref39
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref40
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref40
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref41
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref41
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref42
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref42
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref42
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref42
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref43
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref43
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref43
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref43
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref44
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref44
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref44
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref45
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref45
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref45
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref45
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref46
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref46
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref46
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref46
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref47
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref47
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref47
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref47
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref48
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref48
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref48
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref49
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref49
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref49
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref50
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref50
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref50
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref51
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref51
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref51
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref51
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref52
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref52
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref52
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref52
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref53
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref53
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref53
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref53
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref54
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref54
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref54
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref55
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref55
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref55
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref55
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref56
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref56
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref56
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref56
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref57
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref57
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref57
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref57
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref58
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref58
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref58
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref59
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref59
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref59
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref59
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref60
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref60
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref60
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref61
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref61
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref62
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref62
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref63
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref63
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref63
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref63
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref64
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref64
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref64
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref65
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref65
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref65
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref65
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref66
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref66
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref66
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref66
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref67
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref67
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref67
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref67
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref68
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref68
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref68
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref69
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref69
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref70
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref70
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref70
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref70
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref71
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref71
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref72
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref72
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref72
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref73
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref73
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref74
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref74
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref74
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref75
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref75
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref75
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref76
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref76
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref76
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref76
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref77
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref77
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref77
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref77
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref78
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref78
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref78
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref78
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref79
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref79
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref79
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref80
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref80
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref81
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref81
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref81
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref82
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref82
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref82
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref82
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref82
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref83
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref83
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref83
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref83
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref84
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref84
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref84
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref84
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref85
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref85
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref85
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref86
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref86
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref86
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref87
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref87
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref87
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref87
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref87
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref88
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref88
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref88
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref89
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref89
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref89
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref89
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref90
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref91
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref91
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref91
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref92
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref93
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref93
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref93
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref93
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref94
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref94
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref94
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref94
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref94
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref95
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref95
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref95
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref95
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref95
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref96
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref96
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref96
http://refhub.elsevier.com/S1744-165X(17)30015-X/sref96

	Novel strategies to prevent stillbirth
	1. Introduction
	2. Increased fetal movements
	3. Intervention
	4. Where to from here?
	5. Maternal sleep
	5.1. Maternal sleep-disordered breathing
	5.2. Maternal sleep position
	5.3. Parallels with sudden infant death syndrome (SIDS)

	6. Potential interventions
	7. Where to from here?
	8. Diet
	9. Intervention
	10. Conclusions
	Conflict of interest statement
	Funding sources
	References


