
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A History of International Impact 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 356;3 www.nejm.org january 18, 2007 271

review article

Mechanisms of Disease

Parturition
Roger Smith, M.B., B.S., Ph.D.

From the Mothers and Babies Research 
Centre, Hunter Medical Research Institute, 
John Hunter Hospital, Newcastle, Austra-
lia. Address reprint requests to Dr. Smith 
at the Mothers and Babies Research Cen-
tre, Hunter Medical Research Institute, 
John Hunter Hospital, Lookout Road, New-
castle NSW 2310, Australia, or at roger.
smith@newcastle.edu.au.

N Engl J Med 2007;356:271-83.
Copyright © 2007 Massachusetts Medical Society.

The mechanisms that instigate parturition in humans have been 
remarkably elusive, but some parts of the puzzle have begun to come together. 
A key change in the field was the realization that human parturition is a dis-

tinctly human event — animal models can reveal only limited insights. Consequent-
ly, investigators of human parturition have come to understand that they must focus 
on the pregnant woman, despite the ethical difficulties in conducting studies that in-
volve women in labor.

Preterm birth occurs in 5 to 15% of pregnancies, depending on the population.1 
The rates are rising in many developed countries, and there is a particularly high in-
cidence of preterm birth among black Americans. Assisted reproduction, which can 
increase the frequency of multiple gestations, is only a partial explanation.2 Birth be-
fore 37 weeks of gestation is associated with 70% of neonatal deaths, and there is a 
strong inverse association between the perinatal death rate and the period of ges-
tation.

Infant morbidity is also related to a short period of gestation. In a Swedish study, 
50% of children with cerebral palsy had been born prematurely.3 Although there has 
been no reduction in the incidence of preterm birth over the past 30 years, the de-
velopment of neonatal intensive care has improved survival considerably. The short-
term costs of neonatal intensive care are extremely high, and the long-term costs of 
medical and educational services for a child who was born prematurely make pre-
term birth particularly expensive.4 

the uniqueness of hum a n pa rt ur i tion

Within the class Mammalia, individual species show considerable similarity in many 
aspects of physiology. Reproduction, however, is an important exception. The devel-
opment of a placenta is a common feature of reproduction in most mammals, but 
variations on the theme of parturition among placental mammals are considerable. 
For example, parturition in sheep is initiated by processes involving the fetal hypo-
thalamus, pituitary, and adrenal glands,5,6 whereas parturition in goats depends on 
dissolution of the maternal corpus luteum.7 Haig has argued that the heterogene-
ity in mechanisms of parturition is due to a maternal–paternal genetic conflict8: pa-
ternal genes promote the provisioning of the fetus from maternal resources, whereas 
maternal genes modify fetal nutrition to preserve resources for the provisioning of 
later offspring, which may arise from a different father.

Comparative genomic analyses have revealed that almost 95% of human and chim-
panzee DNA sequences are shared,9,10 but one of the greatest differences between 
the two species occur in genes related to reproduction. In addition, striking 
changes in the female pelvis with the assumption of an upright posture by the human 
ancestor australopithecus and increases in the size of the cranium as modern hu-
mans evolved have had consequences for parturition (Fig 1).11
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Diminished hERG Kþ channel activity facilitates
strong human labour contractions but is
dysregulated in obese women
Helena C. Parkington1, Janet Stevenson2, Mary A. Tonta1, Jonathan Paul3, Trent Butler3, Kaushik Maiti3,

Eng-Cheng Chan3, Penelope M. Sheehan2, Shaun P. Brennecke2,4, Harold A. Coleman1 & Roger Smith3

Human ether-a-go-go-related gene (hERG) potassium channels determine cardiac action

potential and contraction duration. Human uterine contractions are underpinned by an action

potential that also possesses an initial spike followed by prolonged depolarization. Here we

show that hERG channel proteins (a-conducting and b-inhibitory subunits) and hERG

currents exist in isolated patch-clamped human myometrial cells. We show that hERG

channel activity suppresses contraction amplitude and duration before labour, thereby

facilitating quiescence. During established labour, expression of b-inhibitory protein is

markedly enhanced, resulting in reduced hERG activity that is associated with an increased

duration of uterine action potentials and contractions. Thus, changes in hERG channel activity

contribute to electrophysiological mechanisms that produce contractions during labour. We

also demonstrate that this system fails in women with elevated BMI, who have enhanced

hERG activity as a result of low b-inhibitory protein expression, which likely contributes to the

weak contractions and poor labour outcomes observed in many obese women necessitating

caesarean delivery.
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Evidence that fetal death is associated with placental aging
Kaushik Maiti, PhD; Zakia Sultana, MPharm; Robert J. Aitken, PhD, ScD; Jonathan Morris, PhD, MBBS;
Felicity Park, MBBS; Bronwyn Andrew, MBBS; Simon C. Riley, PhD; Roger Smith, PhD, MBBS

BACKGROUND: The risk of unexplained fetal death or stillbirth in-
creases late in pregnancy, suggesting that placental aging is an etiological
factor. Aging is associated with oxidative damage to DNA, RNA, and lipids.
We hypothesized that placentas at >41 completed weeks of gestation
(late-term) would show changes consistent with aging that would also be
present in placentas associated with stillbirths.
OBJECTIVE:We sought to determine whether placentas from late-term
pregnancies and unexplained stillbirth show oxidative damage and other
biochemical signs of aging. We also aimed to develop an in vitro term
placental explant culture model to test the aging pathways.
STUDYDESIGN:We collected placentas from women at 37-39 weeks’
gestation (early-term and term), late-term, and with unexplained stillbirth.
We used immunohistochemistry to compare the 3 groups for: DNA/RNA
oxidation (8-hydroxy-deoxyguanosine), lysosomal distribution (lysosome-
associated membrane protein 2), lipid oxidation (4-hydroxynonenal), and
autophagosome size (microtubule-associated proteins 1A/1B light chain
3B, LC3B). The expression of aldehyde oxidase 1 was measured by real-
time polymerase chain reaction. Using a placental explant culture model,
we tested the hypothesis that aldehyde oxidase 1 mediates oxidative
damage to lipids in the placenta.

RESULTS: Placentas from late-term pregnancies show increased
aldehyde oxidase 1 expression, oxidation of DNA/RNA and lipid,
perinuclear location of lysosomes, and larger autophagosomes
compared to placentas from women delivered at 37-39 weeks.
Stillbirth-associated placentas showed similar changes in oxidation of
DNA/RNA and lipid, lysosomal location, and autophagosome size to
placentas from late-term. Placental explants from term deliveries
cultured in serum-free medium also showed evidence of oxidation of
lipid, perinuclear lysosomes, and larger autophagosomes, changes
that were blocked by the G-protein-coupled estrogen receptor 1
agonist G1, while the oxidation of lipid was blocked by the aldehyde
oxidase 1 inhibitor raloxifene.
CONCLUSION: Our data are consistent with a role for aldehyde oxi-
dase 1 and G-protein-coupled estrogen receptor 1 in mediating aging of
the placenta that may contribute to stillbirth. The placenta is a tractable
model of aging in human tissue.

Key words: aging, aldehyde oxidase 1, autophagosome, DNA/RNA
oxidation, fetal death, G-protein-coupled estrogen receptor 1, lipid
oxidation, placenta, placental explant culture, raloxifene, stillbirth

Introduction
Unexplained fetal death is a common
complication of pregnancy occurring
in approximately 1 in 200 pregnancies
in developed countries1 and more
frequently in the developing world.
While no cause has been established,
the rate of fetal death rises rapidly
as gestation progresses >38 weeks.2

Johnson et al3 proposed the opera-
tional definition of aging as an increase
in risk of mortality with time, which is
consistent with a role for aging in the
etiology of stillbirth (Figure 1).4 Sup-
porting this view, a histopathological
study of placentas associated with cases
of unexplained intrauterine death at

term revealed that 91% showed thick-
ening of the maternal spiral artery
walls, 54% contained placental infarcts,
10% had calcified areas, and 13%
demonstrated vascular occlusion5;
another study reported increased
atherosclerosis,6 changes associated
with aging in other organs. Supporting
a link between placental aging and
stillbirth, Ferrari et al7 recently re-
ported that telomere length is reduced
in placentas associated with stillbirth.
Fetal growth restriction is also associ-
ated with both stillbirth and telomere
shortening.8 We therefore sought to
determine whether placentas from
women who delivered >41 completed
weeks (late-term) or had stillbirth had
biochemical evidence of aging. Asmarkers
of aging we chose to measure 8-hydroxy-
deoxyguanosine (8OHdG) (a marker of
DNA oxidation) and 4-hydroxynonenal
(4HNE) (a marker of lipid oxidation)
as both have been described to increase
in the brain with aging, and the enzyme

aldehyde oxidase (AOX), which is known
to generate oxidative damage in the
kidney. Aging is also known to affect
the effectiveness of the intracellular
recycling process that involves fusion of
acidic hydrolase containing lysosomes
with autophagosomes; we therefore
sought changes in these intra-
cellular organelles in the late-term
placentas and those associated with
stillbirth.

Materials and Methods
Ethics, collection, and processing
of tissues
This study was approved by the hu-
man research ethics committee of the
Hunter New England Health Services
and the University of Newcastle,
Australia. Human placentas were
collected after written informed con-
sent was obtained from the patients by
midwives. Placentas were collected
from women at 37-39 weeks’ gestation
undergoing cesarean delivery for pre-
vious cesarean delivery or normal
vaginal delivery, women at !41 weeks’

Cite this article as: Maiti K, Sultana Z, Aitken RJ, et al.
Evidence that fetal death is associated with placental
aging. Am J Obstet Gynecol 2017;217:441.e1-14.
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Drug delivery to the human and mouse uterus using
immunoliposomes targeted to the oxytocin receptor
Jonathan W. Paul, PhD1; Susan Hua, PhD1; Marina Ilicic, BSc (Hons); Jorge M. Tolosa, PhD;
Trent Butler, BSc (Hons); Sarah Robertson, PhD; Roger Smith, MBBS, PhD

BACKGROUND: The ability to provide safe and effective pharmaco-
therapy during obstetric complications, such as preterm labor or
postpartum hemorrhage, is hampered by the systemic toxicity of
therapeutic agents leading to adverse side effects in the mother and fetus.
Development of novel strategies to target tocolytic and uterotonic agents
specifically to uterine myocytes would improve therapeutic efficacy while
minimizing the risk of side effects. Ligand-targeted liposomes have
emerged as a reliable and versatile platform for targeted drug delivery to
specific cell types, tissues or organs.
OBJECTIVE: Our objective was to develop a targeted drug delivery
system for the uterus utilizing an immunoliposome platform targeting the
oxytocin receptor.
STUDY DESIGN: We conjugated liposomes to an antibody that rec-
ognizes an extracellular domain of the oxytocin receptor. We then
examined the ability of oxytocin receptoretargeted liposomes to deliver
contraction-blocking (nifedipine, salbutamol and rolipram) or contraction-
enhancing (dofetilide) agents to strips of spontaneously contracting
myometrial tissue in vitro (human and mouse). We evaluated the ability of
oxytocin receptoretargeted liposomes to localize to uterine tissue in vivo,
and assessed if targeted liposomes loaded with indomethacin were
capable of preventing lipopolysaccharide-induced preterm birth in mice.
RESULTS: Oxytocin receptoretargeted liposomes loaded with nifed-
ipine, salbutamol or rolipram consistently abolished human myometrial

contractions in vitro, while oxytocin receptoretargeted liposomes loaded
with dofetilide increased contraction duration. Nontargeted control
liposomes loaded with these agents had no effect. Similar results were
observed in mouse uterine strips. Following in vivo administration to
pregnant mice, oxytocin receptoretargeted liposomes localized specif-
ically to the uterine horns and mammary tissue. Targeting increased
localization to the uterus 7-fold. Localization was not detected in the
maternal brain or fetus. Targeted and nontargeted liposomes also
localized to the liver. Oxytocin receptoretargeted liposomes loaded with
indomethacin were effective in reducing rates of preterm birth in mice,
whereas nontargeted liposomes loaded with indomethacin had no
effect.
CONCLUSION: Our results demonstrate that oxytocin receptore
targeted liposomes can be used to either inhibit or enhance human uterine
contractions in vitro. In vivo, the liposomes localized to the uterine tissue of
pregnant mice and were effective in delivering agents for the prevention
of inflammation-induced preterm labor. The potential clinical advantage of
targeted liposomal drug delivery to the myometrium is reduced dose and
reduced toxicity to both mother and fetus.

Key words: contraction, drug delivery, human, immunoliposomes,
labor, liposomes, mouse, myometrium, oxytocin receptor, preterm, birth,
targeted, tocolysis, uterotonic

Introduction
Complications arising from preterm
birth (PTB) are the leading cause of
death among children age <5 years, ac-
counting for nearly 1 million deaths in
2013,1 while postpartum hemorrhage
(PPH) is the leading cause of maternal
mortality worldwide, accounting for up
to 27.1% of maternal deaths.2 Given that
both can arise from dysregulation of
uterine contractility, the need exists for

safe and effective clinical interventions
capable of modifying myometrial con-
tractions to improve treatment of
women in preterm labor, to induce or
facilitate labor and to prevent or treat
PPH, without adverse off-target effects
on either the mother or fetus.
When awoman presents with preterm

labor, attempts are often made to halt
contractions by administering tocolytics
that inhibit or block components of the
contraction cascade. A recent study
proposed that “the ideal tocolytic agent
should be myometrium-specific, easy to
administer, inexpensive, effective in
preventing PTB and improve neonatal
outcomes, with few maternal, fetal, and
neonatal side effects, and without long-
term adverse effects.”3 Standard therapy
varies from country to country, but
tocolysis may involve the administration

of calcium channel blockers, such as
nifedipine (NIF); b2-adrenergic receptor
agonists, such as salbutamol (SAL); an
oxytocin receptor (OTR) antagonist,
such as atosiban; or a prostaglandin
synthetase inhibitor, such as indometh-
acin (IND).4-9 Unfortunately, the sys-
temic administration of these therapies
and lack of specificity means that large
doses need to be administered to achieve
a therapeutic effect at the target tissue,
the myometrium. Maternal side effects
of b2-adrenergic receptor agonists
include tremors, heart palpitations,
and tachycardia, as well as myocardial
ischemia and pulmonary edema.8,10-12

NIF has been associated with fewer side
effects, however approximately 1% of
women experience a severe side effect
and a further 1% experience mild
adverse side effects.13 Atosiban is asso-
ciated with the lowest side effect risk but
the efficacy of this agent is disputed.14,15

Cite this article as: Paul JW, Hua S, Ilicic M, et al. Drug
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A case for not adjusting birthweight customized
standards for ethnicity: observations from a unique
Australian cohort
Roger Smith,MB,BS, PhD; LitaMohapatra,MSc;MandyHunter,MS; Tiffany-Jane Evans, PhD;Christopher Oldmeadow, PhD;
Elizabeth Holliday, PhD; Alexis Hure, PhD; John Attia, MD, PhD

BACKGROUND: Low birthweight is more common in infants of
indigenous (Aboriginal and/or Torres Strait Islander) than of White
Australian mothers. Controversy exists on whether fetal growth is normally
different in different populations.
OBJECTIVE: We sought to determine the relationships of birthweight,
birthweight percentiles, and smoking with perinatal outcomes in indige-
nous vs nonindigenous infants to determine whether the White infant
growth charts could be applied to indigenous infants.
STUDY DESIGN: Data were analyzed for indigenous status,
maternal age and smoking, and perinatal outcomes in 45,754
singleton liveborn infants of at least 20 weeks gestation or 400 g
birthweight delivered in New South Wales, Australia, between June
2010 and July 2015.
RESULTS: Indigenous infants (n¼6372; 14%) had a mean birthweight
67 g lower than nonindigenous infants (P<.0001; with adjustment for
infant sex and maternal body mass index). Indigenous mean birthweight
percentile was 4.2 units lower (P<.0001). Adjustment for maternal age,

smoking, body mass index, and infant sex reduced the difference in
birthweight/percentiles to nonsignificance (12 g; P¼.07).
CONCLUSION: Disparities exist between indigenous and non-
indigenous Australian infants for birthweight, birthweight percentile, and
adverse outcome rates. Adjustment for smoking and maternal age
removed any significant difference in birthweights and birthweight per-
centiles for indigenous infants. Our data indicate that birthweight per-
centiles should not be adjusted for indigenous ethnicity because this
normalizes disadvantage; because White and indigenous Australians have
diverged for approximately 50,000 years, it is likely that the same con-
clusions apply to other ethnic groups. The disparities in birthweight per-
centiles that are associated with smoking will likely perpetuate indigenous
disadvantage into the future because low birthweight is linked to the
development of chronic noncommunicable disease and poorer educational
attainment; similar problems may affect other indigenous populations.

Key words: Australian, birthweight, ethnicity, smoking

O ptimal birthweight is a complex
and vigorously debated subject.

The debate is not academic because fetal
growth restriction is a key determinant
of fetal risk of intrauterine death,1 peri-
natal death,2 and early cardiovascular
disease, diabetes mellitus,3 and renal
impairment.4 A recent supplement of
the American Journal of Obstetricians and
Gynecologists5 summarized the range of
views. In the supplement, 6 different
models of fetal growth were advanced by
their proponents.6e11 A particular issue
is whether healthy fetal growth is
different in different ethnic populations.
Studies in Australia may have some
unique perspectives on this issue.

Australia was peopled initially by
indigenous Australians, also known as
Aboriginal and Torres Strait Islander
people, approximately 50 thousand years
ago.12 They had moved out of Africa in
the same wave of migration that saw the
ancestors of modern Europeans move
north into the Middle East and eventu-
ally into Europe, although others moved
into Asia and eventually, the Americas.
Indigenous Australians then remained
relatively isolated until Australia was
colonized by Europeans in 1788. Indig-
enous Australians have generally poorer
health (http://www.aihw.gov.au)12e14

and a shorter life expectancy than non-
indigenous Australians; increasing evi-
dence indicates that this gap begins at the
start of life. Indigenous Australians are
known to be born at lower birthweights
than other Australians.15 The majority
of adverse neonatal outcomes are known
to occur in infants born at <10th
percentile.16e18 However, 2 recent studies
have challenged this idea of neonatal risk.
In a cohort of>1million singletonDutch
infants, who were examined between

2002 and 2008, the lowest rates of peri-
natal morbidity and mortality occurred
between the 50th and 97th percentiles.19

Almost identical results were observed
in an Australian setting in the state of
Victoria, where >600,000 singleton
births between 1999 and 2008 were
assessed, and birthweight percentiles
were correlated to perinatal outcomes;
again, optimal outcomes occurred be-
tween the 50th and 90th percentile.20

This is a significant change in
thinking because it puts more than one-
half of all newborn infants at an
increased risk of adverse outcomes,
albeit with higher risk at the lowest and
highest percentiles. Both of these cohort
studies reported data from predomi-
nantly White populations without
reference to ethnicity. Birthweight pre-
viously has been shown to predict long-
term health17 and educational
outcomes.21e24 Maternal smoking has
been associated with restriction of fetal
growth,25 and indigenous mothers are
known to have high rates of cigarette
smoking.26
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What birthweight percentile is associated with optimal
perinatal mortality and childhood education outcomes?
Ellie C. McEwen, BMedSci (Hons I); Steven L. Guthridge, MPhil; Vincent YF. He, PhD; John W. McKenzie, PhD;
Thomas J. Boulton, MBChB, MD; Roger Smith, MBBS, PhD

BACKGROUND: Small for gestational age, defined as birthweight
<10th percentile for gestational age, is known to be associated with
clinically meaningful impairments in health and development. The effects
of variation within the normal range of birthweight percentile on perinatal
mortality and childhood education remain less well defined.
OBJECTIVE: We sought to quantify the association among birthweight
percentile, perinatal mortality, and educational outcomes and to determine
the optimal birthweight percentile for those outcomes in Aboriginal and
non-Aboriginal Australian children.
STUDY DESIGN: This was a retrospective cohort study. Perinatal data
for all children born in the Northern Territory, Australia, from 1999 through
2008 were linked to measures of educational attainment at age 8-9 years.
Multivariable analysis was used to determine the optimal birthweight
percentile for low perinatal mortality and high reading and numeracy
scores.
RESULTS: The birth cohort contained 35,239 births (42% Aboriginal),
of which 11,214 had linked and valid education records. Median birth-
weight percentile was 29.2 in Aboriginal infants and 44.0 in non-
Aboriginal infants. The odds of perinatal mortality decreased by 4% with
each 1-percentile increase birthweight percentile overall (adjusted odds
ratio, 0.96; P¼ .000) and lowest mortality rates were at the 61st and 78th

percentile in Aboriginal and non-Aboriginal infants, respectively. Although
birthweights <10th percentile were associated with greatly increased
odds of perinatal mortality, the increased risk extended well beyond this
cut-off. Birthweight percentile was also positively correlated with scores in
reading (P ¼ .000) and numeracy (P ¼ .000). In non-Aboriginal children,
reading and numeracy scores peaked at the 66th percentile, but for
Aboriginal children there was continuous benefit with increasing birth-
weight percentile. Birthweight percentile explained 1% of the variation in
education outcomes, with much greater variation explained by other
perinatal and sociodemographic factors.
CONCLUSION: Birthweights between the 50th-93rd percentiles were
most consistently associated with both low perinatal mortality and high
reading and numeracy scores, suggesting that small for gestational age
does not sufficiently capture the risks associated with variation in fetal
growth. Our data indicate that the effect of birthweight percentile accounts
for 1% of variation in perinatal and education outcomes.

Key words: Aboriginal, Australia, birthweight, birthweight percentile,
data linkage, education, fetal growth, indigenous, National Assessment
ProgrameLiteracy and Numeracy, Northern Territory, numeracy, perinatal
mortality, pregnancy, reading, school, small for gestational age

Introduction
Small for gestational age (SGA) (<10th
percentile) is the outcome of a spectrumof
influences on fetal growth and well-being
that includes, but is not limited to,
maternal malnutrition, placental pathol-
ogy, and maternal exposure to stress,
smoking, and alcohol consumption dur-
ing pregnancy.1 The short- and long-term
outcomes for infants born SGA has been
documented since 1967,2 and range from
perinatal morbidity and mortality to
developmental delays, poor academic
achievement, mental illness, and non-
communicable diseases.3-6 The outcomes
associated with variation of fetal growth
within the normal range (>10th percen-
tile) is less clear. Although it has long been
recognized that fetal growth is a contin-
uum with no precise at-risk cut-off,

clinicians and researchers continue to
dichotomize fetal growth. Recent studies
have shown unambiguous variation in
perinatal mortality rates across the entire
spectrum of fetal growth, suggesting the
existence of an optimal birthweight for
gestational age and challenging the
dichotomization paradigm.3,4 Whether or
not an optimal birthweight could be
applied across different populations is
heavily debated,7,8 but results of the
INTERGROWTH-21st project suggest
that fetal growth patterns are highly com-
parable between different populations
when maternal conditions are optimal.9

In common with many indigenous
and disadvantaged peoples worldwide,
in Australia, Aboriginal and Torres Strait
Islander people (hereafter referred to
respectfully as Aboriginal Australians)
experience higher rates of health and
socioeconomic disadvantage compared
to the wider population.10,11 The nega-
tive impacts of colonization, structural
violence, and the historical removal of

children of mixed ethnicity on current
Aboriginal health and well-being are
now widely acknowledged.10 Australian
governments, at both national and state
levels, have identified focus areas to
improve Aboriginal outcomes, including
infant mortality, early childhood devel-
opment, and education.12 Studies have
identified the critical importance of early
childhood development on long-term
outcomes and economic burden,13 but
one area that remains less explored is
the possible role of fetal growth and
development in the perpetuation and
intergenerational transmission of disad-
vantage through poor health and
education.

The aim of this study was to examine
the association between birthweight
percentile and: (1) perinatal mortality
and (2) education in Aboriginal and
non-Aboriginal Australian children,
with the hypothesis that optimal out-
comes would occur in infants born be-
tween the 50th-97th percentiles and that
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Is there a role for placental senescence in the
genesis of obstetric complications and fetal
growth restriction?
Zakia Sultana, MPharm; Kaushik Maiti, PhD; Lee Dedman, NHIL; Roger Smith, PhD, MBBS

Cellular senescence and aging
A key feature of aging is a progressive
loss of function at the cellular, tissue,
and organ level, resulting in a reduced

adaptability to stress and an increased
vulnerability to disease and mortality.1

In mitotic tissues, the progressive
accumulation of senescent cells is
thought be one of the causal factors
for aging.2 Thus, the biomarkers of
cellular senescence can be used as
markers of tissue aging. Such bio-
markers of cellular senescence have
been summarized in a later section (see
Biomarkers of senescence).
Senescent cells within tissues

contribute to the aging process and dis-
ease development by altering normal
cellular function, changing the behavior
of neighboring cells, degrading struc-
tural components such as the extracel-
lular matrix, and accelerating the loss of
tissue regeneration capacity by reducing
stem and progenitor cells.2 Elimination
of senescent cells can delay aging-
associated disorders in mice.3

Cellular senescence is a state of irre-
versible, terminal arrest of cell prolifer-
ation (growth), triggered by a plethora
of intrinsic and extrinsic stimuli or

stressors. These stimuli or stressors
include short or dysfunctional telo-
meres, DNA damage (telomeric or
genomic DNA), and DNA damage-
response mediators, strong mitogenic
signals (eg, overexpression of oncogenic
renin-angiotensin system [RAS], a
mutant RAS-p21 protein, renin-
angiotensin system involves trans-
mitting signals and activating signaling
cascades, including mitogen-activated
protein kinase [MAPK] and phosphoi-
nositide 3-kinase/mammalian target of
rapamycin complex pathways), epi-
genomic disruption (chromatin disrup-
tion), overexpression of certain
oncogenes, deteriorating mitochondrial
function, and oxidative stress created by
reactive oxygen species (ROS) (reviewed
in references 4-6) (Figure 1).

The stressors that trigger senescence
act by 2 major pathways controlled
through stabilization of the tumor
suppressor protein p53 and transcrip-
tional inactivation of the cyclin-
dependent kinases (CDKs). The sup-
pression of CDKs is produced by
transcriptional activation of the CDK
inhibitor p21 (also termed p21Cip1) in
concert with the CDK inhibitor, p16
(also known as p16INK4a) and retino-
blastoma tumor suppressor protein
(pRB) (reviewed in references 7 and 8)
(Figure 1).

When activated, p53 inhibits cell pro-
liferation via activation of its transcrip-
tional target p21.8 Both p21 and p16
maintain the protein pRB in its hypo-
phosphorylated and active state.8,9 Active
pRb suppresses the E2F1 (a member of
E2F family of transcription factors, which
induce gene transcriptions that are
essential for cell proliferation)-dependent
expression of genes that regulate pro-
gression of the G1/S phase of the cell
cycle, and thereby irreversibly blocks cell
cycle entry10 (see Panel 1 for cell cycle).
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The placenta ages as pregnancy advances, yet its continued function is required for a
successful pregnancy outcome. Placental aging is a physiological phenomenon; how-
ever, there are some placentas that show signs of aging earlier than others. Premature
placental senescence and aging are implicated in a number of adverse pregnancy
outcomes, including fetal growth restriction, preeclampsia, spontaneous preterm birth,
and intrauterine fetal death. Here we discuss cellular senescence, a state of terminal
proliferation arrest, and how senescence is regulated. We also explore the role of
physiological placental senescence and how aberrant placental senescence alters
placental function, contributing to the pathophysiology of fetal growth restriction, pre-
eclampsia, spontaneous preterm labor/birth, and unexplained fetal death.

Key words: aging, cellular senescence, cyclin-dependent kinase, DNA damage, fetal
death, fetal growth restriction, mammalian target of rapamycin complex, membrane
rupture, mitogen-activated protein kinase, oxidative stress, phosphoinositide 3-kinase,
placental aging, preeclampsia, preterm birth, preterm labor, reactive oxygen species,
senescence-associated heterochromatin foci, small for gestational age, stillbirth, telo-
mere, tumor suppressor protein p53, p16, senescence-associated beta-galactosidase,
senescence-associated secretory phenotype
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A first step to improving maternal mortality in
a low-literacy setting; the successful use of singing to
improve knowledge regarding antenatal care
Binod Bindu Sharma, MPH; Deborah Joanne Loxton, PhD; Henry Murray, DM; Giavanna Louise Angeli, PhD;
Christopher Oldmeadow, PhD; Simon Chiu, DAppStat; Roger Smith, MB, BS, Hons, PhD

BACKGROUND: Preventable maternal mortality is related to delays in
recognizing the problem, transport to a facility, and receiving appropriate
care on arrival. Reducing maternal mortality in low-literacy settings is
particularly challenging. In the rural villages of Nepal, the maternal mor-
tality rate is among the highest in the world; the reasons include illiteracy
and lack of knowledge of the needs of pregnant women. Culturally, singing
and dancing are part of Nepalese daily life and present an opportunity to
transmit knowledge of antenatal care and care at birth with a view to
reducing the first 2 delays.
OBJECTIVE: We hypothesized that health messages regarding the
importance of antenatal care and skilled birth assistance would be
effectively transmitted by songs in the limited literacy environment of rural
Nepal.
STUDY DESIGN: We randomly grouped 4 rural village development
committees comprising 36 villages into 2 (intervention and control) clus-
ters. In the intervention group, local groups were invited to write song lyrics
incorporating key health messages regarding antenatal care to accompany
popular melodies. The groups presented their songs and dances in a
festival organized and judged by the community. The winning songs were
performed by the local people in a song and dance progression through the
villages, houses, and fields. A wall chart with the key health messages was
also provided to each household. Knowledge of household decision
makers (senior men and women) was assessed before and after the
intervention and at 12 months using a structured questionnaire in all
households that also assessed behavior change.

RESULTS: Structured interviews were conducted at baseline, imme-
diately postintervention in the control and intervention areas (intervention
n ¼ 735 interviews, control n ¼ 775), and at 12 months in the
intervention area only (n ¼ 867). Knowledge scores were recorded as
the number of correct items out of 36 questions at baseline and
postintervention, and of 21 questions at follow-up. Postintervention, test
score doubled in the intervention group from a mean of 11.60/
36e22.33/36 (P < .001), with no practically significant change in the
control population (17.48/36e18.26/36). Improvement was greatest
among the most illiterate members of the community (6.8/36e19.8/36,
P < .001). At 12 months follow-up, a majority of the participants
(63.9%) indicated that they provided information learned from the songs
to their neighbors and friends, and 41.3% reported still singing the
songs from the intervention.
CONCLUSION: The use of songs bypassed the limitations of literacy in
communicating health messages that are key to improving maternal care in
this low-literacy rural setting within a developing country. The improvements
were maintained without further intervention for 12 months. With appro-
priate sociocultural adaptation to local contexts, this low-cost method of
community education may be applicable to improving maternal health
knowledge and behavior change in other low-resource and limited literacy
settings that may lead to reductions in maternal mortality.

Key words: antenatal care, maternal mortality, pregnancy, rural Nepal,
singing, skilled birth

Introduction
Maternal death has devastating social,
economic, and personal consequences.1

Centers for Disease Control data indi-
cate a continuing rise in maternal mor-
tality ratios within the United States,
particularly among black women,2 while
Native Americans have maternal mor-

tality rates >4 times higher than non-
Hispanic whites.3 The maternal mortal-
ity ratio in the United States is the
highest among high-income countries.4

Associations with high maternal mor-
tality in the United States context include
poverty and poor educational attain-
ment.1 A potential contributor is that
black womenmay receive inferior care as
they are more likely to deliver in hospi-
tals associated with poorer outcomes.5

Within the Native American commu-
nity 30% of pregnancies occur for
women with no high school diploma.3

Part, but not all, of the increase in
maternal mortality ratios is likely due to
more effective reporting of pregnancy-
related deaths.6 One strategy to reduce
maternal mortality has been to focus on

near misses as they are more
common.7e9 Maternal mortality is also a
major health problem for low-income
countries.4

The high incidence of maternal mor-
tality in low-income countries to some
extent reflects the same etiologies as seen
in the United States but with a higher
proportion of hemorrhage and hyper-
tensive crises.4 Among low-income
countries, Nepal has been the benefi-
ciary of significant US Agency for In-
ternational Development investment
since the 1950s, particularly focused on
improving women’s health and the status
of women; additionally, Peace Corps
volunteers have been in Nepal since
1962. Despite these efforts, Nepal con-
tinues to have a high ratio of maternal
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Why the heart is like an orchestra and the
uterus is like a soccer crowd
Roger Smith, MD, PhD; Mohammad Imtiaz, BSc (EE), PhD; David Banney, MB, BS, BMus (Hons);
Jonathan W. Paul, BSc (Biotech)(Hons), PhD; Roger C. Young, MD, PhD

T he heart and the laboring uterus
use different mechanisms to coor-

dinate contractions.
This is a discussion of synchrony and

coupled oscillatory behavior in the
context of the physiology of the laboring
uterus and the heart.

One of the great marvels of life is the
degree of order that is created as life
captures energy and transforms it into
physiological structure and function
against the forces of entropy (second law
of thermodynamics1). Life in many ways
is a battle against entropy that is inevi-
tably lost for each individual. For human
beings, this battle occurs continuously to
preserve the function of each tissue. The
battle is most heated in the organs that
require the most energy: the brain, heart,
and laboring uterus. Each uses energy to
produce highly organized behavior.

During pregnancy the mother’s
body diverts a large amount of blood
flow to the uterus. This increased
blood flow carries energy that is used
to create order in the developing fetus.
Blood flow and energy are also
required to create the regular powerful
contractions required for human labor.

Intriguingly, the human uterus dis-
plays a low level of order for the ma-
jority of pregnancy in that contractions
are minimal, and activity at any one
time, at different places in the uterus,
is very similar. This picture changes at
the time of labor in a dramatic way
with an increase in contractility, energy
consumption, and order, as the activity
at different times is different, either
relaxed or contracting.2-4 This is quite
different from the behavior of the
heart. The heart and the uterus have
evolved rather different ways of regu-
lating order and contractile behavior.
The heart is like an orchestra, playing
continuously under the direction of a
conductor. The uterus is like a soccer

crowd, inactive most of the time but
getting together for a song, producing
a climax, and then dispersing to
remain quiet until the next game.

Effective cardiac function requires the
ability to rapidly change cardiac output
to meet the varying needs of the corpus.
When Olympic champion sprinter Usain
Bolt leaves the blocks, his heart rate
climbs from perhaps 50 beats per minute
to well over 220, with a matching in-
crease in cardiac output. The cardiac
output of the ventricles is improved
by the preceding contraction of the atria
that primes the ventricular pump, in-
creasing the ventricular volume and the
efficiency of the contraction. The fre-
quency of contractions is determined by

From the Mothers and Babies Research Center,
Hunter Medical Research Institute, University of
Newcastle, Newcastle (all authors) and Victor
Chang Cardiac Research Institute, Darlinghurst
(Dr Imtiaz), Australia.

Received May 4, 2015; revised June 1, 2015;
accepted June 16, 2015.

The authors report no conflict of interest.

Corresponding author: Roger Smith, MD, PhD.
roger.smith@newcastle.edu.au

0002-9378/free
ª 2015 Elsevier Inc. All rights reserved.
http://dx.doi.org/10.1016/j.ajog.2015.06.040

Click Supplemental Materials under the
article title in the online Table of
Contents

The human uterus has no pacemaker or motor innervation, yet develops rhythmic,
powerful contractions that increase intrauterine pressure to dilate the cervix and force the
fetus through the pelvis. To achieve the synchronous contractions required for labor, the
muscle cells of the uterus act as independent oscillators that become increasingly
coupled by gap junctions toward the end of pregnancy. The oscillations are facilitated by
changes in resting membrane potential that occur as pregnancy progresses. Reductions
of potassium channels in the myocyte membranes in late pregnancy prolong myocyte
action potentials, further facilitating transmission of signals and recruitment of neigh-
boring myocytes. Late in pregnancy prostaglandin production increases leading to
increased myocyte excitability. Also late in pregnancy myocyte actin polymerizes allowing
actin-myosin interactions that generate force, following myocyte depolarization, calcium
entry, and activation of myosin kinase. Labor occurs as a consequence of the combination
of increased myocyte to myocyte connectivity, increased depolarizations that last longer,
and activated intracellular contractile machinery. During labor the synchronous con-
tractions of muscle cells raise intrauterine pressure to dilate the cervix in a process distinct
from peristalsis. The synchronous contractions occur in a progressively larger region of
the uterine wall. As the size of the region increases with increasing connectivity, the
contraction of that larger area leads to an increase in intrauterine pressure. The resulting
increased wall tension causes myocyte depolarization in other parts of the uterus,
generating widespread synchronous activity and increased force as more linked regions
are recruited into the contraction. The emergent behavior of the uterus has parallels in the
behavior of crowds at soccer matches that sing together without a conductor. This
contrasts with the behavior of the heart where sequential contractions are regulated by a
pacemaker in a similar way to the actions of a conductor and an orchestra.

Key words: emergent behavior, mechanotransduction, pregnancy, uterine
synchronization
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Biochemical and biophysical predictors of the response to
the induction of labor in nulliparous postterm pregnancy
Michela Torricelli, MD, PhD; Romina Novembri, Bsc; Chiara Voltolini, MD; Nathalie Conti, MD; Giulia Biliotti, MD;
Enrico Piccolini, MD; Gabriele Cevenini, MD; Roger Smith, MD; Felice Petraglia, MD

OBJECTIVE: The objective of the study was to evaluate the clinical,
sonographic, and hormonal variables that influence the success of labor
induction in nulliparous postterm pregnancies.

STUDY DESIGN: Fifty nulliparous women with a single postterm preg-
nancy receiving a slow-release prostaglandin estradiol pessary were pro-
spectively enrolled, and clinical characteristics were analyzed in relation to
success of induction of labor. Clinical, sonographic, and hormonal variables
were analyzed by univariate statistical analysis and multivariate logistic re-
gression for the prediction of successful induction.

RESULTS: The group of patients delivering within 24 hours differed sig-
nificantly from the remaining patients by higher Bishop scores, body

mass indices, estradiol serum concentrations, estriol to estradiol ratios,
and shorter cervices. The combination of cervical length and estriol to
estradiol ratio achieved a sensitivity of 100% (95% confidence interval,
71.3–100%) and a specificity of 94.1% (95% confidence interval,
80.3–99.1%).

CONCLUSION: Cervical length and the estriol to estradiol ratio repre-
sent good predictive indicators of the response to the induction of labor
in postterm pregnancies.

Key words: cervical length, estriol to estradiol ratio, induction of
labor, postterm pregnancy, successful induction
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Postterm pregnancy is defined as a
pregnancy that continues to or be-

yond 42 weeks (294 days) from the first
day of the last normal menstrual period
or 14 days beyond the best obstetric esti-
mate of the date of delivery.1 It repre-
sents approximately 7% of all pregnan-
cies,2 and the prevalence depends on
the population characteristics, including
such factors as nulliparity, a prior post-
term pregnancy, and genetic predisposi-

tion.3-6 Among etiologic factors, the
most common cause of postterm preg-
nancy is an error in gestational age dat-
ing,7 but in the majority of other cases,
the cause is unknown.

The main complications associated
with pregnancy beyond 40 and 41 weeks
of gestation are stillbirth, perinatal mor-
tality and morbidity, and increased risk
of cesarean delivery.8 Indeed, the most
appropriate prevention and manage-
ment of postterm pregnancy include ac-
curate gestational age assessment in early
pregnancy, antenatal fetal surveillance,
and the timely initiation of delivery if
spontaneous labor does not occur.9 In
fact, obstetricians favor a policy of rou-
tine induction of labor for low-risk preg-
nancies at 41 weeks of gestation, and it
appears to be an effective strategy to re-
duce the risk of late intrauterine death.9

Among pharmacologic options, 1 of the
most common drugs used as ripening
agents in patients with an unfavorable cer-
vix is the dinoprostone (prostaglandin E2
[PGE2]) vaginal insert, approved in 1995
by the Food and Drug Administration,10

that has been shown to be effective in
shortening the interval between induction
and vaginal delivery safely.

Successful induction has been defined
as vaginal delivery within 24 hours after
induction.2,7 Current practice in nullip-
arous women following inductions re-
sults in an instrumental delivery in al-
most 50% of patients and an overall
cesarean section rate as high as 22%.11

Because of the risk of failed induction of
labor, a variety of maternal and fetal fac-
tors as well as screening tests have been
used to predict the response to induc-
tion,12,13 and among them parity and ul-
trasound measurements of cervical
length have been shown to be the most
predictive.14-16

Estrogens have been demonstrated to
be important hormones involved in the
regulation of several functions during
pregnancy.17 In particular, estriol (E3),
estradiol (E2), and their ratio play an im-
portant role in the control of parturition,
creating a specific estrogenic environ-
ment at the onset of labor.18,19 On the
basis of these considerations, we hypoth-
esized that estrogens may contribute to a
better assessment of women at risk for an
unsuccessful induction of labor in post-
term pregnancy.

In the present study, we evaluated sta-
tistically maternal clinical characteris-
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A B S T R A C T 
 

 

Context:  Australian Aboriginal communities in urban, rural and remote areas are continuing to suffer high rates of perinatal 

mortality and morbidity that will impact on the future health of the community. It has been well documented that Aboriginal 

women have extreme distrust of mainstream pregnancy-related health care and suggested that late entry into antenatal care is as high 

as 50% in the Aboriginal population. Although medical and midwifery staff have long discussed strategies to improve uptake of 

antenatal health care for Aboriginal women, researchers in many areas have found the recruitment of Aboriginal people into 

scientific studies almost impossible. This article seeks to share the strategies that have been developed over a period of time by the 

authors that have proved useful for recruitment and retention into research. It is anticipated that these strategies would also apply 

for health practitioners in maintaining their patients for clinical care management. 

1Bar-Zeev Y, et al. BMJ Open 2019;9:e025293. doi:10.1136/bmjopen-2018-025293
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ABSTRACT 
Objectives This study aimed to examine the impact of the 
‘ICAN QUIT in Pregnancy’ intervention on individual health 
providers (HPs) smoking cessation care (SCC) knowledge, 
attitudes and practices in general, and speci"cally 
regarding nicotine replacement therapy (NRT) prescription.
Design Step-wedge clustered randomised controlled 
study. HPs answered a preintervention and 1–6 months 
postintervention survey.
Setting Six Aboriginal Medical Services (AMSs) in three 
states of Australia.
Participants All HPs were invited to participate. Of 93 
eligible, 50 consented (54%), 45 completed the presurvey 
(90%) and 20 the post (40%).
Intervention Included three 1-hour webinar sessions, 
educational resource package and free oral NRT.
Outcomes HPs knowledge was measured using 
two composite scores—one from all 24 true/false 
statements, and one from 12 NRT-speci"c statements. 
Self-assessment of 22 attitudes to providing SCC were 
measured using a "ve-point Likert scale (Strongly disagree 
to Strongly agree). Two composite mean scores were 
calculated—one for 15 general SCC attitudes, and one for 
7 NRT-speci"c attitudes. Self-reported provision of SCC 
components was measured on a "ve-point Likert scale 
(Never to Always). Feasibility outcomes, and data collected 
on the service and patient level are reported elsewhere.
Results Mean knowledge composite scores improved 
from pre to post (78% vs 84% correct, difference 5.95, 
95% CI 1.57 to 10.32). Mean NRT-speci"c knowledge 
composite score also improved (68% vs 79% correct, 
difference 9.9, 95% CI 3.66 to 16.14). Mean attitude 
composite score improved (3.65 (SD 0.4) to 3.87 (SD 0.4), 
difference 0.23, 95% CI 0.05 to 0.41). Mean NRT-speci"c 
attitudes composite score also improved (3.37 (SD 0.6) to 
3.64 (SD 0.7), difference 0.36, 95% CI 0.13 to 0.6). Self-
reported practices were unchanged, including prescribing 
NRT.
Conclusions A multicomponent culturally sensitive 
intervention in AMSs was feasible, and might improve HPs 
provision of SCC to pregnant Aboriginal women. Changes 
in NRT prescription rates may require additional intensive 
measures.
Trial registration number ACTRN 12616001603404; 
Results.

INTRODUCTION
Smoking during pregnancy remains a serious 
public health problem. Global rates range 
from 0.2% to 38%, with higher rates of 
30%–50%, across high-priority subpopula-
tions.1 2 In Australia, 10% of pregnant women 
smoke, with the highest rates across socially 
disadvantaged subpopulations, such as 
Aboriginal and Torres Strait Islander women 
(44%) (hereafter referred to as ‘Aborig-
inal’ women with acknowledgement of the 
distinct cultures).3 The Aboriginal popula-
tion compromise 3% of the total Australian 
population,4 but due to historical, cultural 
and social reasons, have the highest smoking 
prevalence (42%).5 6 Tobacco was introduced 
to Aboriginal people through trade with 
Indonesian fisherman and quickly became 
embedded in the social and ceremonial 
life.7 Colonisation had a huge impact on 
smoking rates as tobacco was often used by 

Strengths and limitations of this study

 Ź The "rst study in Australia that speci"cally targeted 
health providers’ (HPs) care for pregnant Aboriginal 
and Torres Strait Islander women who smoke.

 Ź The "rst intervention that had a major focus on 
improving prescription rates of nicotine replace-
ment therapy to support smoking cessation during 
pregnancy.

 Ź The intervention, including the novel use of live in-
teractive webinar training, was informed by theory 
and based on a solid foundation of prior formative 
research.

 Ź This study was a pilot aimed to assess feasibility, 
and was not powered to assess the effectiveness of 
the intervention.

 Ź This study included HPs who work at Aboriginal 
Medical Services only, and may not be generalised 
to other antenatal care settings that Aboriginal and 
Torres Strait Islander women might attend.

Protected by copyright.
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What birthweight percentile is associated with optimal
perinatal mortality and childhood education outcomes?
Ellie C. McEwen, BMedSci (Hons I); Steven L. Guthridge, MPhil; Vincent YF. He, PhD; John W. McKenzie, PhD;
Thomas J. Boulton, MBChB, MD; Roger Smith, MBBS, PhD

BACKGROUND: Small for gestational age, defined as birthweight
<10th percentile for gestational age, is known to be associated with
clinically meaningful impairments in health and development. The effects
of variation within the normal range of birthweight percentile on perinatal
mortality and childhood education remain less well defined.
OBJECTIVE: We sought to quantify the association among birthweight
percentile, perinatal mortality, and educational outcomes and to determine
the optimal birthweight percentile for those outcomes in Aboriginal and
non-Aboriginal Australian children.
STUDY DESIGN: This was a retrospective cohort study. Perinatal data
for all children born in the Northern Territory, Australia, from 1999 through
2008 were linked to measures of educational attainment at age 8-9 years.
Multivariable analysis was used to determine the optimal birthweight
percentile for low perinatal mortality and high reading and numeracy
scores.
RESULTS: The birth cohort contained 35,239 births (42% Aboriginal),
of which 11,214 had linked and valid education records. Median birth-
weight percentile was 29.2 in Aboriginal infants and 44.0 in non-
Aboriginal infants. The odds of perinatal mortality decreased by 4% with
each 1-percentile increase birthweight percentile overall (adjusted odds
ratio, 0.96; P¼ .000) and lowest mortality rates were at the 61st and 78th

percentile in Aboriginal and non-Aboriginal infants, respectively. Although
birthweights <10th percentile were associated with greatly increased
odds of perinatal mortality, the increased risk extended well beyond this
cut-off. Birthweight percentile was also positively correlated with scores in
reading (P ¼ .000) and numeracy (P ¼ .000). In non-Aboriginal children,
reading and numeracy scores peaked at the 66th percentile, but for
Aboriginal children there was continuous benefit with increasing birth-
weight percentile. Birthweight percentile explained 1% of the variation in
education outcomes, with much greater variation explained by other
perinatal and sociodemographic factors.
CONCLUSION: Birthweights between the 50th-93rd percentiles were
most consistently associated with both low perinatal mortality and high
reading and numeracy scores, suggesting that small for gestational age
does not sufficiently capture the risks associated with variation in fetal
growth. Our data indicate that the effect of birthweight percentile accounts
for 1% of variation in perinatal and education outcomes.

Key words: Aboriginal, Australia, birthweight, birthweight percentile,
data linkage, education, fetal growth, indigenous, National Assessment
ProgrameLiteracy and Numeracy, Northern Territory, numeracy, perinatal
mortality, pregnancy, reading, school, small for gestational age

Introduction
Small for gestational age (SGA) (<10th
percentile) is the outcome of a spectrumof
influences on fetal growth and well-being
that includes, but is not limited to,
maternal malnutrition, placental pathol-
ogy, and maternal exposure to stress,
smoking, and alcohol consumption dur-
ing pregnancy.1 The short- and long-term
outcomes for infants born SGA has been
documented since 1967,2 and range from
perinatal morbidity and mortality to
developmental delays, poor academic
achievement, mental illness, and non-
communicable diseases.3-6 The outcomes
associated with variation of fetal growth
within the normal range (>10th percen-
tile) is less clear. Although it has long been
recognized that fetal growth is a contin-
uum with no precise at-risk cut-off,

clinicians and researchers continue to
dichotomize fetal growth. Recent studies
have shown unambiguous variation in
perinatal mortality rates across the entire
spectrum of fetal growth, suggesting the
existence of an optimal birthweight for
gestational age and challenging the
dichotomization paradigm.3,4 Whether or
not an optimal birthweight could be
applied across different populations is
heavily debated,7,8 but results of the
INTERGROWTH-21st project suggest
that fetal growth patterns are highly com-
parable between different populations
when maternal conditions are optimal.9

In common with many indigenous
and disadvantaged peoples worldwide,
in Australia, Aboriginal and Torres Strait
Islander people (hereafter referred to
respectfully as Aboriginal Australians)
experience higher rates of health and
socioeconomic disadvantage compared
to the wider population.10,11 The nega-
tive impacts of colonization, structural
violence, and the historical removal of

children of mixed ethnicity on current
Aboriginal health and well-being are
now widely acknowledged.10 Australian
governments, at both national and state
levels, have identified focus areas to
improve Aboriginal outcomes, including
infant mortality, early childhood devel-
opment, and education.12 Studies have
identified the critical importance of early
childhood development on long-term
outcomes and economic burden,13 but
one area that remains less explored is
the possible role of fetal growth and
development in the perpetuation and
intergenerational transmission of disad-
vantage through poor health and
education.

The aim of this study was to examine
the association between birthweight
percentile and: (1) perinatal mortality
and (2) education in Aboriginal and
non-Aboriginal Australian children,
with the hypothesis that optimal out-
comes would occur in infants born be-
tween the 50th-97th percentiles and that
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Background: Pregnancy can be a stressful time for many women. There is ample 

HYLGHQFH� RI� QXPHURXV� SK\VLFDO� DQG� PHQWDO� KHDOWK� LQHTXLWLHV� IRU� ΖQGLJHQRXV�

Australians. For those Indigenous women who are pregnant, it is established that 

there is a higher incidence of poor physical perinatal outcomes when compared 

ZLWK�QRQ��ΖQGLJHQRXV�$XVWUDOLDQV��+RZHYHU�� OLWWOH�HYLGHQFH�H[LVWV� WKDW�H[DPLQHV�

VWUHVVIXO�HYHQWV�DQG�SRVW��WUDXPDWLF�VWUHVV�GLVRUGHU��376'��V\PSWRPV�LQ�SUHJQDQW�

women who are members of this community.

Aims: 7R�TXDQWLI\�WKH�UDWHV�RI�VWUHVVIXO�HYHQWV�DQG�376'�V\PSWRPV�LQ�SUHJQDQW�

Indigenous women.

Methods: 2QH�KXQGUHG�DQG�ȴIW\�UXUDO�DQG�UHPRWH�ΖQGLJHQRXV�ZRPHQ�ZHUH�LQ-

YLWHG�WR�FRPSOHWH�D�VXUYH\�GXULQJ�HDFK�WULPHVWHU�RI�WKHLU�SUHJQDQF\��7KH�VXUYH\�

PHDVXUHV�ZHUH�WKH�VWUHVVIXO�OLIH�HYHQWV�DQG�WKH�ΖPSDFW�RI�(YHQWV�6FDOH�

Results: ([WUHPHO\�KLJK�UDWHV�RI�376'�V\PSWRPV�ZHUH�UHSRUWHG�E\�SDUWLFLSDQWV��

$SSUR[LPDWHO\�����RI� WKLV�JURXS�H[KLELWHG�376'�V\PSWRPV�GXULQJ� WKHLU�SUHJ-

QDQF\�ZLWK�PHDQ� VFRUH� ������ �6'� �������� VLJQLȴFDQWO\� KLJKHU� WKDQ� D� VWXG\� RI�

(XURSHDQ�YLFWLPV�RI�FULVLV��LQFOXGLQJ�WHUURULVP�DWWDFNV��������6'� �������

Conclusions: 7KH�H[WUHPH�OHYHOV�RI�376'�V\PSWRPV�IRXQG�LQ�WKH�ZRPHQ�SDUWLFL-

SDWLQJ�LQ�WKLV�VWXG\�DUH�OLNHO\�WR�UHVXOW�LQ�QHJDWLYH�LPSOLFDWLRQV�IRU�ERWK�PRWKHU�

DQG�LQIDQW��$Q�XUJHQW�UHVSRQVH�PXVW�EH�PRXQWHG�DW�JRYHUQPHQW��KHDOWK��FRP-

PXQLW\�GHYHORSPHQW�DQG�UHVHDUFK� OHYHOV�WR�DGGUHVV�WKHVH�ȴQGLQJV�� ΖPPHGLDWH�

DWWHQWLRQ� QHHGV� WR� IRFXV� RQ� WKH� GHYHORSPHQW� RI� LQWHUYHQWLRQV� WR� DGGUHVV�

WKH�KLJK�OHYHOV� RI� 376'� V\PSWRPV� WKDW� SUHJQDQW� $XVWUDOLDQ� ΖQGLJHQRXV�

ZRPHQ�H[SHULHQFH�

K E Y W O R D S

antenatal diagnosis, Indigenous population, mental disorder, perinatal care,  
post-traumatic stress disorder
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