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A triple risk model for unexplained late stillbirth
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Abstract

Background: The triple risk model for sudden infant death syndrome (SIDS) has been useful in understanding its
pathogenesis. Risk factors for late stillbirth are well established, especially relating to maternal and fetal wellbeing.

Discussion: We propose a similar triple risk model for unexplained late stillbirth. The model proposed by us results
from the interplay of three groups of factors: (1) maternal factors (such as maternal age, obesity, smoking), (2) fetal
and placental factors (such as intrauterine growth retardation, placental insufficiency), and (3) a stressor (such as
venocaval compression from maternal supine sleep position, sleep disordered breathing). We argue that the risk
factors within each group in themselves may be insufficient to cause the death, but when they interrelate may
produce a lethal combination.

Summary: Unexplained late stillbirth occurs when a fetus who is somehow vulnerable dies as a result of
encountering a stressor and/or maternal condition in a combination which is lethal for them.
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Background
Unexplained late stillbirth – at or beyond 28 weeks ges-
tation - is a devastating event. In high resource countries
the prevalence rate for late stillbirth ranges between 2
and 5 per 1000 births and has decreased very little in re-
cent years [1]. Furthermore, between one third and one
half of all late term stillbirths are unexplained, that is a
specific cause cannot be identified, even in high income
countries where autopsy and/or placental pathological
examinations are available the unexplained rate can still
be around 15% [2].
Unexplained stillbirth is a difficult problem to study

because of the paucity of clues. Furthermore it is pro-
bable that there is heterogeneity of many of the ante-
cedent causes. However, if improvements in prediction
and prevention of stillbirth are to be made, specific risk
factors which are modifiable should be targeted. Clin-
ical practice and observational studies primarily target
maternal risk factors such as maternal smoking, obe-
sity and medical conditions. Studies of stillbirth have
also identified the importance of placental problems.
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Furthermore, IUGR is well recognised as a risk factor
for stillbirth.
However, few studies have focused on other factors

that may impact on stillbirth risk such as fetal vulner-
ability and stressors which may heighten stillbirth risk.
In this paper we propose a model which suggests that
unexplained stillbirth occurs when three groups of fac-
tors (maternal, placental/fetal vulnerability and stressor)
interrelate (see Figure 1).
The concept of a triple risk model is not new, indeed

Sudden Infant Death Syndrome (SIDS) researchers pro-
posed such a model to provide a framework for under-
standing SIDS risk. For example, Bergman [3] suggested
that SIDS may not depend on any “single characteris-
tic that ordains an infant for death” (p.210), but on an
interaction of risk factors. Wedgwood [4] grouped risk
factors into the first triple risk hypothesis consisting of
general factors which could be responsible for raising
the risk of death from any cause such as socio-economic
factors, age-specific risks related to the victims develop-
mental age, and precipitating factors including respi-
ratory tract infection. Then Emery [5] raised the issue of
susceptibility by hypothesizing that relatively minor con-
ditions such as respiratory tract infection could, in sus-
ceptible babies, trigger a lethal cycle of events. In 1993
Rognum and Saugstad [6] developed a ‘fatal triangle,’
with groupings similar to those of Wedgwood; namely a
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Figure 1 Triple risk model for unexplained late stillbirth.
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vulnerable developmental stage, predisposing factors and
a trigger event. Finally, Filiano and Kinney [7] presented
arguably the best known triple risk model illustrating
their hypothesis with a Venn diagram consisting of three
concentric circles labeled vulnerable infant, critical de-
velopmental period and exogenous stressor/s with SIDS
occurring at the intersection of all three circles. They
proposed that but for underlying vulnerabilities the in-
fant would not succumb to SIDS. The utility of this tri-
ple risk model is demonstrated by its ongoing use to
illustrate SIDS research papers (e.g. [8]).
Here we suggest an unexplained late stillbirth triple

risk model, illustrated in figure one, where such a still-
birth occurs as a result of an intersection of maternal
factors and fetal vulnerability in the presence of a fetal
stressor. Just as Filiano and Kinney did we also propose
that but for underlying fetal vulnerability the fetus would
not succumb to intrauterine fetal death. Here we discuss
the specifics of our triple risk hypothesis.

Discussion
Maternal factors
There are many well-established epidemiologic maternal
risk factors for stillbirth. Nulliparity, age, obesity, ciga-
rette smoking, alcohol consumption have all been identi-
fied as potentially modifiable risk factors for stillbirth
[2,9,10]. Common maternal disease such as gestational
diabetes and hypertension as well as less common states
such as antiphospholipid syndrome, lupus and heritable
thrombophilias also have a well recognised association
with stillbirth risk [11,12]. Additionally maternal in-
fections both bacterial and viral can be catastrophic in
terms of stillbirth risk especially in mid-gestation of the
pregnancy [13]. Many women are overweight or obese at
conception which predisposes them to increased risk of
antepartum stillbirth [14]. Additionally excessive weight
gain exposes the pregnancy to a range of poor outcomes
[15] this occurs whether or not the woman started the
pregnancy with a BMI in the normal range [16]. Whe-
ther the maternal factor is modifiable or not in our triple
risk model these factors all sit within the ‘maternal’ fac-
tors circle.

Fetal and placental factors
The abnormal fetus is known to be vulnerable to still-
birth especially mid-gestation (20–24 weeks) stillbirth
[17]. It is also well recognized that twin pregnancy is at
increased risk of stillbirth especially when complicated
by twin to twin transfusion [18]. Other fetal factors asso-
ciated with poor pregnancy outcome are sex of the fetus,
via x-linked and other genetic factors [19]. Whilst it is
well understood that the fetus with abnormal karyotype
is vulnerable, as is the fetus with ‘intrinsic’ abnormalities
[17]. There may also be as yet unexplored genetic or epi-
genetic factors responsible for fetal vulnerability for ex-
ample when unexplained stillbirth reoccurs in families.
Some unexplained stillborn and SIDS babies share com-
mon features found at autopsy especially abnormalities
in the brain [20,21] suggesting that perhaps vulnerability
to sudden unexplained death begins in utero.
Current research suggests that the fetus who is par-

ticularly vulnerable to late stillbirth is the fetus who fails
to grow appropriately. Intrauterine growth restriction
(IUGR) owing to placental insufficiency is identified in
about 40–60% of stillbirths, also in otherwise unexplained
stillbirths and highlights the probable role of placental
pathology in stillbirth [10]. It is well known that the IUGR
placenta is often abnormal in both structure and func-
tion e.g. [22,23]. Therefore, exploring underlying mecha-
nisms for IUGR as well as early detection and effective
management of fetuses who are at increased risk of
developing IUGR, points the way for further research
which could ultimately result in lowering stillbirth rates.
Indeed a recent report [24] demonstrated a significant fall
in stillbirth rates in areas of the UK which had adopted
the use of customized growth charts to detect IUGR in
pregnancy compared to those with low uptake, sugges-
ting that intervention in this area is both possible and
successful.
The fetus who slows or stops moving is also one who

is vulnerable to stillbirth. Maternal perception of De-
creased Fetal Movement (DFM) is reasonably common
and can be benign, with 6–15% of women reporting at
least one occasion of DFM to health professionals in the
third trimester of pregnancy [25]. However, decreased
fetal movement at or near the end of the pregnancy pla-
ces the pregnancy at substantial increased risk of poor
pregnancy outcome [25-27]. Distinguishing which fetus
may be in trouble, from the fetus who is not, is therefore
also an avenue for future research.
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Placental dysfunction, and abnormalities also have a
well-known association with poor pregnancy outcome
[28-30]. It has also been suggested that the fetus at
risk may stop movement to conserve energy in the
presence of placental dysfunction [31]. In particular it
has recently been reported that placentas from all preg-
nancies (irrespective of pregnancy outcome) with DFM
had greater number of placental anomalies including areas
of infarction, a higher density of syncytial knots as
well as decreased villous vascularity and trophoblast
area [32]. It is also understood that placental function
diminishes as the pregnancy nears and goes over due
[33]. Such research indicates the pivotal role that the
placenta has in pregnancy outcome and may be an
important factor impacting on fetal vulnerability in
many stillbirths.

Stressors
Some events are known to cause stillbirth such as cord
prolapse, and ruptured vasa praevia [34]. Other events
associated with increased risk of stillbirth include fetal–
maternal haemorrhage and placental abruption. When
these events occur they are associated with high rates of
morbidity and mortality and provide a clear explanation
for fetal death. Such events may be sufficient to cause
death even in the presence of a healthy mother, placenta
and fetus. Less severe events, such as nuchal cord, that
would not cause death in the presence of a healthy
mother, placenta and fetus may be sufficient to cause
death in combination with a vulnerable fetus.
The kind of stressor we propose in our triple risk

model may be more subtle than these dramatic events
but in combination with the vulnerable fetus may result
in death. There is emerging evidence which suggests that
some stressors which may pose a threat to the fetus con-
cern maternal sleep, in particular sleep position and dur-
ation [35,36], sleep state and architecture [37], sleep
quality [38] and presence of sleep disordered breathing
[39-42]. In and of themselves none of these can be lethal
because sleep is an everyday occurrence in all pregnan-
cies however, we propose that in the presence of fetal
vulnerability events that occur during maternal sleep
may be the tipping point for some fetuses.
One stressor for stillbirth may be reduced placental

perfusion due to the mother lying supine whilst asleep.
Indeed, it is biologically plausible that maternal left-
sided sleep position may serve to protect the vulnerable
fetus. Certainly it is well known that the left lateral pos-
ition is the one that offers the best recovery position for
the distressed fetus during labor [43] and it is also well
known that the supine position in late pregnancy is asso-
ciated with many hemodynamic changes caused by com-
pression of the inferior vena cava and a resulting fall in
cardiac output and placental supply [44,45].
It has been suggested that there are changes in sleep
architecture during late pregnancy. For example REM
(Rapid Eye Movement) sleep may be reduced with an in-
crease in stage 1 (Non-REM) sleep and frequent awaken-
ings from sleep [46]. The Apnea-Hypopnea Index (AHI)
used to assess sleep apnea severity is more common dur-
ing REM because muscles are more relaxed resulting in
increased likelihood of airway obstruction. Therefore, it
is possible that mothers who are deep sleepers may be
more likely to have a higher AHI and thereby be at an
increased risk of stillbirth. However, little is known as to
whether or not these changes may be implicated in poor
pregnancy outcome. Nevertheless, one study suggested
that women who wake more than once overnight are at
less risk of stillbirth than those who only wake once or
not at all [35] perhaps suggests that the vulnerable fetus
may not tolerate whatever is happening during a pro-
longed deep maternal sleep.
In addition to the already mentioned known impact

of maternal obesity on poor pregnancy outcome over-
weight pregnant women are also at increased risk of
developing sleep-disordered breathing [42]. The term
sleep-disordered breathing (SDB) is used to describe a
spectrum of abnormal breathing during sleep and is a
rapidly emerging area of research when it occurs in
pregnancy. Whether or not abnormal breathing dur-
ing late pregnancy imposes the same risk in young
otherwise healthy women as it does in overweight older
population e.g. [47] is still largely unknown however,
some recent studies have linked SDB with poor pregnancy
outcome including hypertension and IUGR [16,42,48]
Therefore exploring maternal sleep as a source of a
range of stressors which may impact on the fetus and
developing strategies to reduce this impact such as
settling to sleep on the left and treating SDB in late preg-
nancy could be important steps in potentially protecting
the vulnerable fetus from stillbirth.
Post –term pregnancy is known to be associated with

stillbirth and therefore may also be a significant fetal
stressor. As already mentioned this may be due to pro-
gressive uteroplacental insufficiency when the pregnancy
progresses past term [33]. Animal and human studies
have shown that various parameters of blood-gas and
acid–base variables alter as pregnancy advances which
may affect fetal growth and well-being [49-52]. Fetal
lambs demonstrate reduced activity and increasing pe-
riods of quiescence as gestation approaches term [53]
which may suggest that the post term fetus reduces
movement to conserve energy in the presence of reduced
utero-placental blood supply.
We also propose that there may also be as yet un-

known, or less well known, factors at play in the ‘stressor’
circle where the causal pathway leading to fetal death
is less obvious. Such stressors may not ordinarily be a
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problem for a well fetus but may become the tipping
point for the vulnerable fetus. One such factor may
be maternal hypotension. Whilst maternal hypotension
is usually considered to be good in pregnancy there could
be a link between hypotension and stillbirth [54-57]. It
may be that this and other such stressors only become risk
factors for stillbirth in the presence of a fetus who is
vulnerable.

The interplay between factors
Any of the slight reduction in stillbirth incidence in high
incomes countries which has occurred in recent years
has resulted from four distinct strategies [58]. These are
effective management of risk factors such as alloimmu-
nisation (Rh disease) and induction of labor for postdate
pregnancies, effective management of maternal medical
conditions such as hypertension and diabetes as well as
increased intrapartum fetal monitoring and fetal surveil-
lance and testing during pregnancy. However, so far pro-
posed causal pathways leading to stillbirth do not enable
potential victims to be identified, neither has an ad-
equately discriminatory set of risk factors been devised.
It is likely that no single mechanism or causative path-

way can explain stillbirth. Indeed most research has re-
ported risk factors with odds ratios between 2 and 3
indicating that it is unlikely that any of these are the de-
finitive cause of stillbirth, rather they might be additive
or interact together resulting in a stillbirth particularly if
the fetus is somehow vulnerable [59]. Further even in
pregnancies exposed to many known risk factors most
fetuses will not die, this also indicates that there are
likely to be other factors at play in order for the fetus to
succumb to stillbirth.
One of the roles of perinatal committees in high re-

source countries across the globe is to identify and clas-
sify stillbirth into an antecedent cause as well as collect
and manage information about common clinical scenar-
ios for future study and comparisons. The Wigglesworth
[60], Whitfield [61] and PSANZ-PDC [62] systems are
three of the more commonly used systems designed to
facilitate this process. However, no classification system
has been universally accepted. Furthermore the defin-
ition of stillbirth varies across countries, organisations
and investigators, which make international comparisons
of stillbirth rates difficult. This triple-risk model does
not preclude the possibility that some stillbirths may be
explained by a single antecedent cause with or without
other contributory factors. However, this triple risk mo-
del is still useful especially in presenting what may have
happened to parents, as we suggest that a fetus will die
only if there is an interplay between risk factors and he
or she is somehow vulnerable.
It should be noted that SIDS deaths did not decrease

worldwide because a causative pathway for SIDS was
discovered. Indeed it is still the case that a definitive
causal pathway for SIDS is yet to be found, possibly be-
cause there are multiple causative pathways. SIDS deaths
decreased worldwide because a means of simply and eas-
ily protecting vulnerable babies was discovered, namely
settling all babies on their back to sleep [63,64]. Similarly
if a means of protecting the vulnerable fetus is found
then there may also be a resultant decrease in stillbirth
prevalence. Also if stillbirth occurs because multiple var-
iables are interacting, then preventive interventions to
protect the vulnerable fetus will be effective in reducing
stillbirth risk, irrespective of whether they relate to one
cause or the other. We therefore suggest that research
exploring ways of identifying and protecting the vulner-
able fetus from stillbirth is key to reducing the unex-
plained late stillbirth rate.

Summary
Our proposed triple-risk model can accommodate the
complexity of a variety of intertwined factors that could
work in concert to result in fetal death. Our model for
late unexplained stillbirth is that it results from the
intersection of: 1) maternal factors 2) fetal/placental fac-
tors, and 3) a fetal stressor. Death occurs only if all three
factors intersect and only if the stressor and maternal
factor match the specific vulnerability of the individual
fetus. The latter explains why the same critical event
and/or maternal factors are not always associated with
stillbirth or even poor pregnancy outcome.
We suggest that unexplained late stillbirth occurs when

a fetus who is somehow vulnerable dies as a result of en-
countering a stressor and/or maternal condition in a com-
bination which is lethal for them. We propose that if a
means of protecting the vulnerable fetus is found then this
would essentially block the pathway to stillbirth in much
the same way as laying all children supine protects the
vulnerable infant from SIDS. The next advance in reduc-
tion of the rate of unexplained late stillbirth may require a
more thorough understanding of the vulnerable fetus. Ex-
ploring factors which make the vulnerable fetus suscep-
tible to stressors and specific maternal conditions and
identifying a means to identify and protect the vulnerable
fetus are therefore important areas for further research.

Abbreviations
AHI: Apnea-hypopnea index; DFM: Decreased fetal movements; IUGR:
Intrauterine growth restriction; PSANZ: Perinatal Society of Australia and New
Zealand; REM: Rapid eye movement; SIDS: Sudden infant death syndrome.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JW drafted the manuscript. EM revised the manuscript critically for important
intellectual content. Both authors devised the triple risk model. Both authors
read and approved the final manuscript.



Warland and Mitchell BMC Pregnancy and Childbirth 2014, 14:142 Page 5 of 6
http://www.biomedcentral.com/1471-2393/14/142
Acknowledgements
EAM is supported by Cure Kids.

Author details
1Mothers, Babies and Families: Health Research Group, School of Nursing and
Midwifery, University of South Australia, Adelaide, Australia. 2Department of
Paediatrics, University of Auckland, Private Bag 92019, Auckland 1142, New
Zealand. 3School of Nursing and Midwifery, Division of Health Sciences,
University of South Australia, Adelaide 5001, Australia.

Received: 7 January 2014 Accepted: 11 April 2014
Published: 14 April 2014
References
1. Cousens S, Blencowe H, Stanton C, Chou D, Ahmed S, Steinhardt L, Creanga

AA, Tunçalp O, Balsara ZP, Gupta S, Say L, Lawn JE: National, regional, and
worldwide estimates of stillbirth rates in 2009 with trends since 1995: a
systematic analysis. Lancet 2011, 377(9774):1319–1330.

2. Silver R, Varner M, Reddy U, Goldenberg R, Pinar H, Conway D, Bukowski R,
Carpenter M, Hogue C, Willinger M, Dudley D, Saade G, Stoll B: Work-up of
stillbirth: a review of the evidence. Gynecology 2007, 196(5):433–444.

3. Bergman AB: Synthesis. In Sudden Infant Death Syndrome. Edited by
Bergman AB, Beckwith JB, Ray CG. Seattle: University of Washington Press;
1970:210–211.

4. Wedgwood RJ: Review of USA experience. In Sudden and Unexpected
Death in Infancy (Cot Deaths). Edited by Camps FE, Carpenter RG. Bristol:
Wright; 1972:28.

5. Emery JL: Cot deaths in Australia, 1985. Med J Australia 1986, 144(9):469–473.
6. Rognum TO, Saugstad OD: Biochemical and immunological studies in

SIDS victims. Clues to understanding the death mechanism. Acta Paediatr
1993, 82(Suppl 389):82–85.

7. Filiano JJ, Kinney HC: A perspective on neuropathologic findings in
victims of the sudden infant death syndrome: the triple-risk model.
Biol Neonate 1994, 65(3–4):194–197.

8. Trachtenberg FL, Haas EA, Kinney HC, Stanley C, Krous HF: Risk factor
changes for sudden infant death syndrome after initiation of Back-to-
Sleep campaign. Pediatrics 2012, 129(4):630–638.

9. Frøen JF, Arnestad M, Frey K, Vege A, Didrik Saugstad O, Stray-Pedersen B:
Risk factors for sudden intrauterine unexplained death: Epidemiologic
characteristics of singleton cases in Oslo, Norway, 1986–1995. Am J
Obstet Gynecol 2001, 184(4):694–702.

10. Flenady V, Koopmans L, Middleton P, Frøen JF, Smith GC, Gibbons K,
Coory M, Gordon A, Ellwood D, McIntyre HD, Fretts R, Ezzati M: Major risk
factors for stillbirth in high-income countries: a systematic review and
meta-analysis. Lancet 2011, 377(9774):1331–1340.

11. Simpson LL: Maternal medical disease: risk of antepartum fetal death.
Semin Perinatol 2002, 26(1):42–50.

12. Rey E, Kahn S, David M, Shrier I: Thrombophilic disorders and fetal loss: a
meta-analysis. Lancet 2003, 361(9361):901–908.

13. Goldenberg RL, Thompson C: The infectious origins of stillbirth. Am J
Gynecol 2003, 189(3):861–873.

14. Stephansson O, Dickman PW, Johansson A, Cnattingius S: Maternal weight,
pregnancy weight gain, and the risk of antepartum stillbirth. Am J Obstet
Gynecol 2001, 184(3):463–469.

15. Crane JMG, White J, Murphy P, Burrage L, Hutchens D: The effect of
gestational weight gain by Body Mass Index on maternal and neonatal
outcomes. Obstet Gynaecol Can 2009, 31(1):28–35.

16. O'Brien LM, Bullough AS, Owusu JT, Tremblay KA, Brincat CA, Kalbfleisch JD,
Chervin RD: Pregnancy-onset habitual snoring, gestational hypertension,
and pre-eclampsia: Prospective cohort study. Am J Obstet Gynecol 2012,
207(6):487. e1-9.

17. Wapner RJ, Lewis D: Genetics and metabolic causes of stillbirth.
Semin Perinatol 2002, 26(1):70–74.

18. Sheay W, Ananth CV, Kinzler WL: Perinatal mortality in first- and second-
born twins in the United States. Obstet Gynecol 2004, 103(1):63–70.

19. Mage D: Gender: a missing factor in the triple risk models for SIDS.
Pediatrics 2002, 110(5):e64.

20. Folkerth RD, Zanoni S, Andiman SE, Billiards SS: Neuronal cell death in the
arcuate nucleus of the medulla oblongata in stillbirth. J Dev Neurosci
2008, 26:133–140.
21. Kinney HC: Neuropathology provides new insight in the pathogenesis
of the sudden infant death syndrome. Acta Neuropathologica 2009,
117(3):247–255.

22. Macara L, Kingdom JCP, Kaufmann P, Kohnen G, Hair J, More IAR, Lyall F,
Greer IA: Structural analysis of placental terminal villi from growth-
restricted pregnancies with abnormal umbilical artery Doppler
waveforms. Placenta 1996, 17(1):37–48.

23. Chen CP, Bajoria R, Aplin JD: Decreased vascularization and cell
proliferation in placentas of intrauterine growth-restricted fetuses with
abnormal umbilical artery flow velocity waveforms. Am J Obstet Gynecol
2002, 187:764–769.

24. Gardosi J, Giddings S, Clifford S, Wood L, Francis A: Association between
reduced stillbirth rates in England and regional uptake of accreditation
training in customised fetal growth assessment. BMJ Open 2013,
3:e003942. doi:10.1136/bmjopen-2013-003942.

25. Peat A, Stacey T, Cronin R, McCowan L: Maternal knowledge of fetal
movements in late pregnancy. Aust NZ J Obstet Gyn 2012, 52(5):445–449.

26. Holm Tveit JV, Saastad E, Stray-Pedersen B, Bordahl PE, Froen JF: Maternal
characteristics and pregnancy outcomes in women presenting with
decreased fetal movements in late pregnancy. Acta Obst Gyn Scan
2009, 88(12):1345–1351.

27. O'Sullivan O, Stephen G, Martindale E, Heazell AE: Predicting poor perinatal
outcome in women who present with decreased fetal movements.
J Obstet Gynaecol 2009, 29(8):705–710.

28. Gunyeli I, Erdemoglu E, Ceylaner S, Zergeroglu S, Mungan T:
Histopathological analysis of the placental lesions in pregnancies
complicated with IUGR and stillbirths in comparison with
noncomplicated pregnancies. J Turk Germ Gyn Assoc 2011, 12(2):75–79.

29. Heazell A: Abnormalities of the placenta. BMC Pregnancy Childbirth 2012,
12(Suppl 1):A2. http://www.biomedcentral.com/1471-2393/12/S1/A2.

30. Smith R, Maiti K, Aitken RJ: Unexplained antepartum stillbirth: A
consequence of placental aging? Placenta 2013, 34(4):310–313.

31. Warrander LK, Heazell AE: Identifying placental dysfunction in women with
reduced fetal movements can be used to predict patients at increased risk
of pregnancy complications. Med Hypotheses 2011, 76(1):17–20.

32. Warrander LK, Batra G, Bernatavicius G, Greenwood SL, Dutton P, Jones RL,
Sibley CP, Heazell AEP: Maternal perception of Reduced Fetal Movements
is associated with altered placental structure and function. PLoS ONE
2012, 7(4):e34851.

33. Hussain AA, Yakoob MY, Imdad A, Bhutta ZA: Elective induction for
pregnancies at or beyond 41 weeks of gestation and its impact on
stillbirths: a systematic review with meta-analysis. BMC Public Health 2011,
11(Suppl 3):S5. http://www.biomedcentral.com/1471-2458/11/S3/S5.

34. Ryan WD, Trivedi NA, Benirschke K, Lacoursiere DY, Parast M: Placental
histologic criteria for diagnosis of cord accident: Sensitivity and
specificity. Pediatr Dev Pathol 2012, 15(4):275–280.

35. Stacey T, Thompson JM, Mitchell EA, Ekeroma AJ, Zuccollo JM, McCowan
LM: Association between maternal sleep practices and risk of late
stillbirth: a case–control study. BMJ. 2011, 342:d3403.

36. Owusu JT, Anderson FJ, Coleman J, Oppong S, Seffah JD, Aitkins A, O’Brien
LM: Association of maternal sleep practices with pre-eclampsia, low birth
weight, and stillbirth among Ghanaian women. Int J Gyn Obstet 2013,
121(3):261–265.

37. Williams MA, Miller RS, Qiu C, Cripe SM, Gelaye B, Enquobahrie D:
Associations of early pregnancy sleep duration with trimester-specific
blood pressures and hypertensive disorders in pregnancy. Sleep 2010,
33(10):1363–1371.

38. Okun ML, Schetter CD, Glynn LM: Poor sleep quality is associated with
preterm birth. Sleep 2011, 34(11):1493–1498.

39. Pien GW, Fife D, Pack AI, Nkwuo JE, Schwab RJ: Changes in symptoms
of sleep-disordered breathing during pregnancy. Sleep 2005,
28(10):1299–1305.

40. O'Brien LM, Bullough AS, Owusu JT, Trembly KA, Brincat C, Chames MC,
Kalbfleisch JD, Chervin RD: Snoring during Pregnancy and Delivery
Outcomes: A Cohort Study. Sleep 2012, 36(11):1625–1632.

41. Izci-Balserak B, Pien GW: Sleep-disordered breathing and pregnancy:
potential mechanisms and evidence for maternal and fetal morbidity.
Curr Opin Pulm Med 2010, 16(6):574–582.

42. Louis JM, Auckley D, Sokol RJ, Mercer BM: Maternal and neonatal
morbidities associated with obstructive sleep apnea complicating
pregnancy. Am J Obstet Gynecol 2010, 202(3):261. e1-5.

http://www.biomedcentral.com/1471-2393/12/S1/A2
http://www.biomedcentral.com/1471-2458/11/S3/S5


Warland and Mitchell BMC Pregnancy and Childbirth 2014, 14:142 Page 6 of 6
http://www.biomedcentral.com/1471-2393/14/142
43. Thurlow J, Kinsella S: Intrauterine resuscitation: active management of
fetal distress. Int J Obst Anesth 2002, 11(2):105–116.

44. Jeffreys RM, Stepanchak W, Lopez B, Hardis J, Clapp JF: Uterine blood flow
during supine rest and exercise after 28 weeks of gestation. BJOG 2006,
113(11):1239–1247.

45. Kauppila A, Koskinen M, Puolakka J, Tuimala R, Kuikka J: Decreased
intervillous and unchanged myometrial blood flow in supine
recumbency. Obstet Gyn 1980, 55(2):203–205.

46. Wilson D, Barnes M, Ellett L, Permezel M, Jackson M, Crowe SF: Decreased
sleep efficiency , increased wake after sleep onset and increased cortical
arousals in late pregnancy. Aust NZ J Obstet Gyn 2011, 51:38–46.

47. Won CH, Chun HJ, Chandra SM, Sarinas PS, Chitkara RK, Heidenreich PA:
Severe obstructive sleep apnea increases mortality in patients with
ischemic heart disease and myocardial injury. Sleep and Breathing 2013,
17(1):85–91.

48. Bourjeily G, Raker CA, Chalhoub M, Miller MA: Pregnancy and fetal
outcomes of symptoms of sleep-disordered breathing. Eur Respir J 2010,
36:849–855.

49. Rurak D, Bessette NW: Changes in fetal lamb arterial blood gas and
acid–base status with advancing gestation. Am J Physiology - Regulatory,
Integrative and Comparative Physiology 2013, 304:R908–R916. doi:10.1152/
ajpregu.00430.2012.

50. Link G, Clark KE, Lang U: Umbilical blood flow during pregnancy:
evidence for decreasing placental perfusion. Am J Obstet Gynecol 2007,
196:489.

51. Soothill PW, Nicolaides KH, Rodeck CH, Campbell S: Effect of gestational
age on fetal and intervillous blood gas and acid–base values in human
pregnancy. Fetal Ther 1986, 1:168–175.

52. Ferrazzi E, Rigano S, Padoan A, Boito S, Pennati G, Galan HL: Uterine artery
blood flow volume in pregnant women with an abnormal pulsatility
index of the uterine arteries delivering normal or intrauterine growth
restricted newborns. Placenta 2011, 32:487–492.

53. Rurak D, Wittman: Real-time ultrasound assessment of body and
breathing movements and abdominal diameter in fetal lambs from 55
days of gestation to term. Reproductive Sciences 2013, 14(4):414–425.

54. Steer PJ, Little MP, Kold-Jensen T, Chapple J, Elliott P: Maternal blood
pressure in pregnancy, birth weight, and perinatal mortality in first
births: prospective study. BMJ 2004, 329(7478):e1312.

55. Warland J: Low blood pressure. BMC Pregnancy Childbirth 2012,
12(Suppl 1):A9. http://www.biomedcentral.com/1471-2393/12/S1/A9.

56. Grunberger W, Leodolter S, Parschalk O: Maternal hypotension: fetal
outcome in treated and untreated cases. Gynecologic Obstetric Invest 1979,
10:32–38.

57. Friedman EA, Neff RK: Hypertension-hypotension in pregnancy.
Correlation with fetal outcome. JAMA 1978, 239:2249–2251.

58. Goldenberg RL, Kirby R, Culhane JF: Stillbirth a review. J Matern Fetal
Neonat Med 2004, 16(2):79–94.

59. Mitchell E: Concluding remarks. BMC Pregnancy and Childbirth,
12(Suppl 1):A14. http://www.biomedcentral.com/1471-2393/12/S1/A14.

60. Wigglesworth JS: Monitoring perinatal mortality: A pathophysiological
approach. Lancet 1980, 2(8196):684–686.

61. Whitfield CR, Smith NC, Cockburn F, Gibson AAM: Perinatally related
wastage − A proposed classification of primary obstetric factors.
Br. J. Obstet. Gynaecol 1986, 93(7):694–703.

62. Chan A, King JF, Flenady V, Haslam RH, Tudehope DI: Classification of
perinatal deaths: development of the Australian and New Zealand
classifications. J Paediatr Child Health 2004, 40(7):340–347.

63. Mitchell EA, Brunt JM, Everard C: Reduction in mortality from sudden
infant death syndrome in New Zealand: 1986–92. Arch Dis Child 1994,
70:291–294.

64. Skadberg BT, Morild I, Markestad T: Abandoning prone sleeping: Effect on
the risk of sudden infant death syndrome. J Pediatr 1998, 132(2):340–343.

doi:10.1186/1471-2393-14-142
Cite this article as: Warland and Mitchell: A triple risk model for
unexplained late stillbirth. BMC Pregnancy and Childbirth 2014 14:142.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.biomedcentral.com/1471-2393/12/S1/A9
http://www.biomedcentral.com/1471-2393/12/S1/A14

	Abstract
	Background
	Discussion
	Summary

	Background
	Discussion
	Maternal factors
	Fetal and placental factors
	Stressors
	The interplay between factors

	Summary
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


