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Abstract
An understanding of the physiological and pharmacological factors regulating myometrial contractility is essential
to development of therapeutic interventions aimed at addressing the clinical disorders associated with labor. Preterm
labor and dystocia are the clinical conditions associated with dysfunctional myometrial contractility. Both conditions
are seen in increased frequency in the presence of maternal obesity. This review serves to address the role of
adipocytokines, secretory products of adipose tissue, on uterine smooth muscle contractility in pregnancy. These
adipocytokines include leptin, ghrelin and apelin. The impact of hypercholesterolemia, hyperlipidemia and other
conditions associated with obesity such as diabetes mellitus on myometrial contractile performance is also examined.
Key words: Adipocytokines, cholesterol, dysfunctional labor, hyperlipidemia, myometrium, obesity, preterm labor.

Introduction
an understanding of the physiological and pharmacological factors regulating myometrial contractility
is essential to development of therapeutic interventions aimed at addressing the clinical disorders
associated with labor. Myometrial dysfunction leads
to adverse clinical outcomes namely preterm labor
or dystocia. These conditions impact on fetal outcome and mode of delivery. both preterm labor and
dystocia have been seen with increased frequency in
obese parturients. The purpose of this review is to
investigate potential mechanisms leading to preterm
labor or dystocia in women in high body mass index
categories.
Preterm Labor
preterm labor, and its clinical sequelae, represents
the largest challenge in perinatal medicine, from the
perspectives of morbidity and economic cost.
preterm labour is the leading cause of adverse
perinatal outcome accounting for 75% of perinatal
mortality and more than half of long-term morbidity.
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(McCormick, 1985). preterm infants have higher
rates of cerebral palsy, sensory deficits, learning
disabilities and respiratory illnesses compared with
children born at term. The morbidity associated with
preterm birth often extends to later life, resulting in
enormous physical, psychological and economic
costs (petrou, 2003; 2005). estimates indicate that
in 2005 the costs to the United states of america
alone in terms of medical and educational expenditure associated with preterm birth were more than
Us$ 26.2 billion (peristats, 2006). in the Usa
approximately 1 in 8 infants is delivered before
37 completed weeks while in europe the reported
rate of preterm babies is of the order of 5-9% (Martin
et al., 2010; beck, 2010). Current knowledge of the
pathophysiology of preterm labor is poor and, as a
result, measures to prevent preterm labour have been
largely unsuccessful. previously described causes
include spontaneous preterm labor (31-50%),
multiple pregnancy and associated complications
(12-28%), preterm prelabor rupture of membranes
(6-40%), hypertensive disorders of pregnancy
(12%), intrauterine growth restriction (2-4%),
ante partum haemorrhage (6-9%) and a small
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contribution from anatomical abnormalities (8-9%)
(slattery, 2002).
epidemiological studies have identified a number
of risk factors including low socioeconomic status,
black race, extremes of maternal age, multiple pregnancy, low maternal bMi, maternal nutritional status, substance misuse and infection (Goldenberg,
2008). it is, however, often difficult to establish
causality in many of these associations due to confounding variables. The molecular and cellular
processes involved in the onset and maintenance of
human parturition are complex and incompletely understood. Many of the important physiological pathways, associated with onset of the labour process,
have been elucidated in studies in recent years
(aguilar and Mitchell, 2010; arthur et al., 2007;
Lopez, 2003) and although some of these mechanisms are reasonably well understood the exact
pathophysiology that underlies preterm labour
remains unknown (Menon, 2008).
in the last two decades significant research resources have been dedicated to elucidation of the
molecular and physiological aspects of uterine function. as a result, our understanding of myometrial
contractility, and its regulatory factors, has greatly
improved. These extensive efforts have however not
yielded results that have made a meaningful impact
on either the prevention or treatment of preterm
birth, and, sadly, the adverse perinatal outcome has
remained unchanged (Costeloe, 2000; Kenyon and
peebles, 2011).
For tocolytic drugs, formerly the mainstay of
treatment for preterm labour, recent research findings have established both their clear limitations in
terms of benefit, and also highlighted their major
adverse maternal and fetal effects (Tsatsaris et al.,
2001; berkman et al., 2003; anotayanonth et al.,
2003; papatsonis et al., 2005).
historically, β2 adrenergic agonists had been the
most widely used agents in clinical practice (de heus
et al., 2008). in more recent times many newer
agents with effects on uterine contractility and efficacy in the maintenance of uterine quiescence have
been investigated (Terrone et al., 2000; bisits et al.,
2004; Gill et al., 2006; Conde-agudelo et al., 2011;
Usta et al., 2011). Of these agents, β-mimetics, the
oxytocin antagonist atosiban, and the Ca2+ channel
blocker, nifedipine, have all been shown to significantly delay delivery after the onset of preterm
labour for longer than 24 h and 48 h compared with
placebo or no treatment (romero et al., 2000;
Tsatsaris et al., 2001; Wex et al., 2011; Derbent et
al., 2011; nassar et al., 2011). however, neonatal
outcome, as measured by perinatal death, respiratory
distress syndrome, birthweight, patent ductus
arteriosus, necrotising enterocolitis, intraventricular

haemorrhages, seizures, hypoglycaemia, or neonatal
sepsis did not differ greatly in treatment and control
groups.
no definitive tocolytic compound, with the correct balance of efficacy, side-effect profile and positive effect on neonatal outcome, has emerged
despite intensive research effort (Kam and Lamont,
2008). For this reason, significant scientific and clinical resources have continued to be invested into the
development of novel tocolytic agents (yuan and
Lopez bernal, 2007; bourguet et al., 2011). in order
to develop these new tocolytics, an improved understanding of the factors governing myometrial physiology is necessary and for this reason the focus of
attention in recent years has also moved to endogenous factors regulating myometrial contractility
(Crankshaw and Morrison, 2011) alongside the
appreciation that metabolic factors play a significant
role (elmes et al., 2011). For these reasons, this
chapter will explore the potential role of metabolic
factors in regulation of myometrial contractility, and
analyse the relevance of extremes of body mass
index, particularly obesity, and other metabolic
states, to the timing and control of parturition.
Obesity and Dystocia
Obesity is an increasing challenge in obstetric practice. The physical and metabolic sequelae of obesity
are associated with a large number of pregnancy and
delivery related complications (Weiss et al., 2004;
Ovesen et al., 2011). it is also evident that the
prevalence and extent of obesity in women of childbearing age has increased in recent years
(Kanaglingam et al., 2005; Lynch et al., 2008). increased bMi makes practical clinical procedures
such as clinical examination, phlebotomy and intravenous cannulation challenging. There is also an
increasing body of evidence to suggest that obesity
plays a role in adverse fetal conditions such as neural
tube defects, congenital heart defects, stillbirth, intrauterine growth restriction and macrosomia (abrams
and Laros et al., 1986; seidman et al., 1989; Jensen
et al., 2003; arendas et al., 2008; rasmussen et al.,
2008; Flenady et al., 2011). recent studies have
shown that intra-partum complications such as dysfunctional labour, increased caesarean delivery,
macrosomia, shoulder dystocia and fetal brachial
plexus injury are increased in women who are overweight or obese (Weis et al., 2004; bhattarcarya et
al., 2007; Owens et al, 2010). previous hypotheses
have suggested that excessive adipose tissue distribution in the maternal pelvis, or around the fetal
shoulders and abdomen, or inadequate maternal effort in the second stage of labor, may be responsible
for the dystocic and dysfunctional labour seen in

MeTabOLiC MODULaTiOn – hehir eT aL.

25

hehir-_Opmaak 1 30/08/12 14:03 Pagina 26

obese parturients. however the idea that metabolic
modulation of uterine contractility may play a role
in the dysfunctional labour observed in this group of
women has also been raised (Lowe and Corwin,
2011). This theory hypothesizes that women with a
higher body mass index are more likely to have
metabolic factors contributing to inefficient uterine
action, and higher caesarean section rates, all of
which have been observed in these women (Weiss et
al., 2004).
in recent years much research interest has focused
on a new range of secretory products from adipose
tissue, collectively known as adipocytokines (briana
and Malamitsi-puchner, 2010), many of which are
now known to be closely linked to metabolic regulation of important systemic factors such as glucose
tolerance, insulin resistance, cardiac and vascular
function, and many other neuro-endocrine mediated
processes (Xu et al., 2010; Torres-Leal et al., 2010).
adipocytokines such as leptin, adiponectin, resistin,
ghrelin and apelin have been shown to be implicated
in fetal growth and in utero development though
their exact role in this complex process must still be
completely elucidated (Malamitsi-puchner et al.,
2007; Chanoine et al., 2009; higgins and Mc auliffe,
2010). What is conclusive is that serum concentrations of most adipocytokines are altered in the pregnant state and that these compounds are expressed
in significant concentrations by the feto - placental
unit (Zhao et al., 2004; O’brien et al., 2010; Van
Mieghem et al., 2010). This indicates that adipocytokines play a central role in the development and
maintenance of normal pregnancy and may also
have an impact on myometrial function. The outline
below will examine the effects of adipocytokines,
and other metabolic factors, in relation to their
effects on myometrial contractility.
Adipocytokines
Leptin
Leptin is a peptide with 167 amino acid residues
which is secreted from adipose tissue under the control of the obesity gene (haynes et al., 1998) and is
known to have regulatory effects on neuronal tissue,
vascular smooth muscle and non-vascular smooth
muscle systems (yuan et al., 2004). serum leptin
concentrations have been shown to rise significantly
with increasing percentage body fat (Considine et
al., 1996) and obese individuals have markedly
increased leptin production (hamilton et al., 1995).
The role of leptin in human reproduction is not clear.
While leptin is most likely involved in the regulation
of ovarian function, oocyte maturation, embryo
development and implantation (haynes et al., 1998),
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the role of leptin during pregnancy has not been
clearly established. The placenta is a major source
of leptin production during pregnancy (Domali and
Messinis, 2002; Zhao et al., 2004), and leptin may
play a role in the pathophysiology of preeclampsia
(anderson et al., 2005) and hypertensive disorders
of pregnancy (Ozkan et al., 2005). Leptin and leptin
receptor genes are also expressed in human umbilical cord, fetal membranes and uterine tissue
(akerman et al., 2002).
in the human (Krizova et al., 2004), as well as in
rat (Chien et al., 1997) and higher mammalian
models (Wang et al., 2005), serum leptin levels are
markedly elevated during pregnancy and demonstrate a significant decrease just before or at the time
of parturition.
Leptin has been demonstrated to decrease myometrial contractility in an in vitro model (Moynihan
et al., 2006). These findings are demonstrable and
similar for both spontaneous and oxytocin induced
contractions. This relaxant effect was observed at
relatively low concentrations for in vitro experiments and was apparently cumulative in nature. Leptin was found to exert a mean maximal inhibition
(MMi) of contractility of 46.794 ± 5.133% (n = 6)
on spontaneous myometrial contractions. Figure 1
shows the effect of leptin on spontaneous myometrial contractility in vitro (figure reproduced with
permission from elsevier science). When this effect
was investigated in oxytocin-induced contractions,
similar results were seen. Leptin was found to be responsible for a mean maximal inhibition (MMi) of
42.323 ± 3.642 % (n = 6). both of these inhibitory
responses were found to be statistically significant
when compared with simultaneously run vehicle
controls. This physiological inhibitory effect of leptin on uterine contractility may play a role in the dysfunctional labor process associated with maternal
obesity. Furthermore these findings raise the possibility that metabolic factors may play a role in the
dysfunctional labours seen in women in high bMi
categories.
Ghrelin
Ghrelin is a 28-amino acid peptide and is the
endogenous ligand for the growth hormone secretagogue receptor. it is centrally involved in the control
of food intake, energy balance and utilization of fat
during pregnancy (budak et al., 2006). When first
described,it was thought that, ghrelin was produced
predominantly in the stomach (Kojima et al., 1999)
however it is now reported that ghrelin production
takes place in many other tissues including the
placenta, ovary, and testis, of both rats and humans
(Gualillo et al., 2001; Gaytan et al., 2005). in human

hehir-_Opmaak 1 30/08/12 14:03 Pagina 27

Fig. 1. — effects of leptin on spontaneous myometrial contractility in pregnant nonlaboring tissue. representative recordings
demonstrating A, spontaneous contractions in a control strip,
B, spontaneous contractions treated with vehicle only, and C, the
effects of cumulative additions of leptin (1 nmol/l-1 µmol/L) in
20-minute intervals are shown.

pregnancy it is established that serum ghrelin levels
peak around mid-gestation and fall to their lowest
levels in the third trimester (Fuglsang et al., 2005).
in general, ghrelin levels are reduced in obese nonpregnant adults, but are increased in subjects (adults
and children), of low body mass index (sorianoGuillen et al., 2004).
in an in vitro setting ghrelin has been shown to
exert an influence on uterine contractility (hehir et
al., 2008). Ghrelin was found to exert an inhibitory
effect on contractility, compared to simultaneously
run control strips. The mean maximal inhibition values were found to be 33.66 ± 2.63% for spontaneous
contractions (n = 6; p < 0.05), and 31.55 ± 4.64%
for oxytocin-induced contractions (n = 6; p < 0.05).
This inhibitory effect of ghrelin on uterine contractions suggests it plays a physiologic role in regulation of myometrial activity. This is consistent
with the low levels of ghrelin, which are observed in
the third trimester. These results highlight the potential role of metabolic modulation of myometrium,
and particularly at extremes of bMi measurements.
Apelin
apelin is an adipocytokine, which is a novel bioactive peptide identified as the endogenous ligand of

the orphan G protein-coupled receptor, apJ
(Tatemoto et al., 1998). The physiologically active
apelin molecule is a 36 amino-acid peptide. in
humans it is secreted by many systems such as
vascular smooth muscle, pituitary and pancreatic
tissues (brailoiu et al., 2002; ringström et al., 2010;
Maenhaut and Van de Voorde, 2011). apelin has also
been shown to be expressed in the placenta (Van
Mieghem, 2010), however it is primarily expressed
by adipose tissue and serum levels are found to be
increase in the obese state (boucher et al., 2055).
serum apelin levels are also found to decrease in a
fasting state and increase upon re-feeding, suggesting that insulin may regulate apelin gene expression
and secretion.81 physiologically apelin has also been
shown to be involved in the regulation of cardiovascular function and fluid homeostasis (reaux et
al., 2001; Quazi et al., 2009;). serum apelin levels
have been shown to be decreased in the second
trimester of pregnancy compared with non-pregnant
controls however fetal levels have been shown to be
markedly increased on Day 1 and Day 4 of life
(Malamitsi-puchner et al., 2007; Kourtis et al.,
2011).
We have demonstrated that apelin exerts a relaxant effect on human myometrial contractility in vitro
(hehir and Morrison, 2012). a mean maximal
inhibition in contractility (MMi) of 36.8% ± 6.4 was
recorded in spontaneous contractions (n = 6) (p <
0.05). in the case of agonist - induced contractions a
mean maximal inhibition (MMi) of 30.4% ± 4.6
(n = 6) (p < 0.05) was recorded. similar to other
adipocytokines apelin has been found to exert an inhibitory effect on human myometrial contractility in
vitro, in tissue obtained during pregnancy. The
cellular mechanisms of this, however, and the
potential clinical implications, are not fully clear.
however, these findings in addition to those
mentioned previously further contribute to the concept of metabolic regulation of human myometrial
function during pregnancy.
Cholesterol and Lipids
During pregnancy, complex changes occur in lipid
profiles. From the 12th week of gestation, phospholipids, cholesterol (total, LDL, hDL), and triglycerides increase in response to estrogen stimulation
and insulin resistance (piechota and staszewski,
1992; Toescu et al., 2004; Ghio et al., 2011). These
changes in lipid balance have been suggested to
provide anabolic support for the fetus. in a fasting
maternal state adipose tissue lipolytic activity is
highly enhanced, and its products, free fatty acids
(FFa) and glycerol, are mainly driven to maternal
liver, where FFa are converted to ketone bodies and
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glycerol to glucose, which easily cross the placenta
and sustain fetal metabolism (herrera, 2002). recent
work has suggested that these alterations affect lipid
rafts and caveolae (the omega-shaped invaginations
of cell membranes found in uterine smooth muscle,
which are stabilized by the cholesterol- binding
protein caveolin) and thereby uterine signalling
cascades and contractility (smith et al., 2005).
Cholesterol, an essential component of caveolae, has
also been shown to have an important role in
controlling smooth muscle contractility (Dreja et al.,
2002; noble et al., 2006). body mass index and
hypercholesterolemia have been shown to be
positively associated (Gostynski et al., 2004). There
is also evidence that cholesterol levels are particularly
raised in obese pregnant women’s serum (podedinsky,
1987) and in the membranes of obese pregnant
women’s myometrium (pulkkinen et al., 1998).
in an in vitro model both cholesterol was found to
decrease both the amplitude and the amount of force
produced in unit time of spontaneous myometrial
contractility. This relaxant effect was also seen in
contractions elicited with the addition of oxytocin.
These contractile changes are related to changes in
intracellular calcium (Jie Zhang et al., 2007). The
elevated cholesterol seen in pregnancy may therefore
contribute to uterine quiescence prior to parturition
but could cause difficulties in labor in obese and/or
dyslipidemic women, consistent with their increased
cesarean delivery rates.
Obesity
as alluded to above women with a raised bMi have
been shown to have an increased rate of caesarean
section (Weiss et al., 2004). The increased rate of
caesarean section seen in this group of parturient has
been shown to be mainly due to a failure in the
progression of the labour in the first stage (Crane et
al., 1997; young and Woodmansee, 2002). recent
studies have also demonstrated that obese women
delivering vaginally are at increased risk of
prolonged first stage of labour and that overweight
and obese women had a significantly slower labour
progression before 7-cm dilation and an increased
rate of first-stage caesarean section (Vahratian et al.,
2004). Myometrium from obese women has been
shown, in an in vitro model, to contract with less
force and frequency than that from normal-weight
women. Measurements of intracellular calcium
indicate that alterations in calcium are responsible
for these changes in contractility (Zhang et al., 2007)
increased rates of post - partum haemorrhage was
also seen in this group of parturients and this is
consistent with the hypothesis posed, namely that
inadequate uterine activity is associated with obesity.
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in addition to these findings obesity has been shown
to alter the properties of the feto-placental vasculature, namely by affecting the tone of the umbilical
artery in vitro (hehir et al., 2009). These results have
implications for fetal growth and development in
utero.
Diabetes Mellitus
Diabetes in pregnancy is associated with significant
fetal and maternal morbidity and mortality. The rate
of caesarean section is higher in women with
diabetes (ehrenberg et al., 2004; Jensen et al., 2004),
with the Confidential enquiry into Maternal and
Child health reporting a rate of 67.4% (Department
of health, 2010). Caesarean section in women with
diabetes in pregnancy is associated with a 2.5-fold
increased risk of wound infection (Takoudes et al.,
2004), and an increased risk of thrombosis and postpartum haemorrhage (Dunne et al., 2003). Despite
the significant morbidity associated with Cs in diabetic pregnancies, the high Cs rate in diabetic pregnancies is not understood. some authors suggest that
the increased Cs rate is due to the confounding factor of obesity (Langer et al., 2005), however, other
analyses have found diabetes mellitus to be an independent risk for Cs (bo et al., 2003; Kjos et al.,
2004). although macrosomia has been reported as a
risk factor for cesarean delivery studies have found
that a reduction in macrosomia does not result in a
concomitant reduction in Cs rate (Crowther et al.,
2005). recent studies analysing the contractile
performance of myometrium from diabetic mothers
versus that of non-diabetic women have shown that
there is significantly decreased contraction amplitude and duration in myometrium from diabetic
compared with control patients, even when possible
confounders such as bMi were analysed (al-Qahtani et al., 2012). reduced intracellular calcium signals and expression of calcium channels were found
in uteruses from diabetic patients, which, along with
a reduction in muscle content found on histological
examination, could explain these findings. in the
presence of oxytocin myometrium from diabetic
patients did not reach the levels found in nondiabetic patients (al Qahtani et al., 2012). These
findings may well contribute to the increased
emergency caesarean section rate seen in diabetic
mothers.
Conclusion
The complications associated with obesity in an obstetric population have been widely reported. The
hypothesis that a woman’s metabolism may have an
effect on her ability to labor successfully is novel and
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by no means fully elucidated. previous studies have
suggested that dysfunctional labors seen in women
from increased bMi categories were due to cephalopelvic disproportion secondary to increased pelvic
soft tissue (young and Woodmansee, 2002), however the increasing evidence outlined in this review
would suggest that physiology and endocrinology
also play a role in this process.
The adipocytokines are a particularly interesting
group of compounds which may well hold potential
in unlocking the reasoning for the poor labor performance of obese women. The adipocytokines were
all found to have an effect on myometrial contractility in vitro and this increases the evidence in favour
of metabolic modulation of uterine smooth muscle
contractility. The exact mechanism by which these
compounds cause their effect on contractile performance are hitherto, however, uninvestigated. This is
an area with potential for future investigation, as is
the discovery, and examination of the effects, of
more novel products of adipose tissue on myometrial
contractility. novel adipocytokines which are altered
in accordance with bMi include adiponectin (arita
et al., 1999), and visfatin (Fukuhara et al., 2005) and
these compounds may provide grounds for future research.
Cholesterol and other lipids are altered during the
pregnant state, however in the presence of obesity
this increase can be exaggerated and may lead to increased serum concentrations which may in turn influence uterine contractility. The mechanism of this
action is clearer and can be attributed to alterations
in intracellular calcium.
The presence of metabolic states such as obesity
and diabetes mellitus have been shown to influence
myometrial contractility in an in vitro model and this
suggests that education about these conditions and
decreasing their incidence may benefit people in
labour, the exact mechanism whereby these conditions exert their effects remain unclear but the in
vitro findings are in broad agreement with the suggestion that obese and diabetic women labour poorly
leading to a much higher caesarean section rate in
this patient group. in conclusion, this review provides valuable insight into the potential for metabolic modulation to influence myometrial activity
and hence labour outcome, but this is a novel area
of research, and one which still poses many questions to be addressed in the future.
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