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Clinical Risk Factors for Preterm Birth

Ifeoma Offiah, Keelin O’'Donoghue and Louise Kenny
Anu Research Centre, Cork University Maternity Hospital
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1. Introduction

1.1 Definitions

Preterm birth (PTB) refers to the birth of a baby that occurs before 37 completed weeks of
gestation. PTB can be further sub-categorized as late preterm delivery- 34 to 36 completed
weeks gestation, moderately preterm- 32 to 34 completed weeks, very preterm- less than 32
weeks, and extremely preterm- less than 28 weeks gestation (Lockwood, et al., 2011). Preterm
birth can also be defined by birth weight: low birth weight- less than 2500g, very low birth
weight- 1500g, and extremely low birth weight- less than 1000g (Lockwood, et al., 2011).

1.2 Significance

Preterm birth is an increasingly common complex condition with multiple risk factors
(Allen, 2008) and has substantial medical, psychological, economic and social impacts. It is
the leading cause of infant mortality in the United States. Compared with term neonates,
mortality rates for preterm (less than 37 weeks) and very preterm infants (less than 32
weeks) are 15-fold and 75-fold higher respectively (Mathews, et al., 2004). The organs most
commonly affected by preterm delivery are the lungs, as the lungs are one of the last organs
to develop in utero. Preterm birth is also the most important determinant of short and long
term morbidity in infants and children, and can have serious long term health consequences,
such as cerebral palsy, blindness, developmental difficulties, including cognitive, sensory,
learning and language deficits (Allen, 2008). The younger the gestation, the greater the risk
of severe morbidity. The EPIPAGE study group reported a twofold increased prevalence of
hyperactivity, inattention and peer problems in very preterm birth children at school ages
when compared to children born at term (Delobel-Ayoub, et al.,, 2009). Additionally,
preterm birth and low birth weight is associated with cardiovascular disease in adult life
(Barker, et al., 1993).

1.3 Incidence

Significant progress has been made in the care of premature infants, but not in reducing the
prevalence of preterm birth (Goldenberg, et al., 2008). In the United States, there has been a
21% rise in the rate of preterm births since 1990, which peaked in 2006 with 12.8% of all 4
million annual live births born at less than 37 weeks of gestation (Russell, et al., 2007). The
incidence in Europe and other developed countries lies between 5-9% (Goldenberg, et al.,
2008). East Asian and Hispanic women typically have a low pre-term birth rate. However,
the incidence of preterm birth continues to rise. Part of this escalation is due to the increased
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indicated preterm delivery of artificially conceived multiple pregnancies, which account for
15-20% of all pre-term births (Goldenburg, et al., 2008).

Preterm birth is the principal cause of infant mortality in developed countries. One in 8
births in the United States in 2005 were preterm, compared to 1 in 18 births in Ireland and
Finland. The infant mortality rate in Ireland in 2010 was 3.89 per 1000 live births and in the
United States 6.8 per 1000 live births. The main cause of the United States' high infant
mortality rate when compared with Europe is the very high percentage of preterm births in
the United States, the period when infant mortality is greatest (Mac Dorman & Mathews,
2010).

1.4 Economic implications

The cost associated with providing care for preterm infants, who may spend numerous
months in hospital, has significant implications for the economy. In the UK, 75% of
neonatal deaths, and the majority of neonatal intensive care admissions, are due to
preterm infants.

A nationwide survey carried out by Russell and colleagues in 2001, regarding the hospital
cost of preterm infants showed that in the United States, in 2001, 4.6 million infants were
hospitalized, costing $12.4 billion. Of these, 8% of hospitalizations were for preterm or low
birth weight infants, the hospital care cost of which totaled $5.8 billion. This represents 47 %
of the costs for all infant hopitalizations. This cost is partly explained by the increased cost
of caring for a preterm infants in hospital, $15,100, and an extremely preterm infant, $65,600,
versus $600 for an uncomplicated newborn. Additionally, preterm infants and extremely
preterm infant have, on average, an increased length of stay in hospital than uncomplicated
newborns: 12.9 days and 42.2 days versus 1.9 days respectively (Russell, et al., 2007). This
data suggests that major infant and paediatric cost savings can be achieved by the
identification and prevention of preterm birth.

2. Risk factors

Several factors have been identified that are associated with preterm birth. These include
intrauterine inflammation/ infection, uterine overdistension, uteroplacental ischaemia /
haemorrhage, and stress. However, an association does not establish causality.

Mothers exposed to high levels of psychological or social stresses are at increased risk of
pre-term birth. Additionally, exposure to severe life events, has also been linked to very and
extremely pre-term births. Clinical depression, possibly due to its associated increase in
smoking, alcohol and drug use also plays a role in increasing pre-term birth as mediated by
these behaviours. Tobacco use alone increases the pre-term birth rate by almost 2 fold, due
to the associated increased risk of small for gestational age and placental abruption. There
are also marked ethnic differences in the incidence and aetiology of preterm birth, with
African American women being consistently at increased risk of preterm birth compared to
native white women.

As the cause of labour still remains elusive, the exact cause of preterm birth is also
uncertain.

Approximately 30-35% of preterm births are indicated or iatrogenic due to medical or
obstetric complications, 40-45% are related to spontaneous preterm labour, and 25-30% to
preterm prelabour rupture of membranes (PPROM). Spontaneous pre-term birth is most
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commonly caused by pre-term labour in Caucasians, and PPROM in black women
indicating the existence of potentially different causative mechanisms. This chapter will
review the current literature on established and putative risk factors for spontaneous
preterm labour and PPROM.

2.1 Previous preterm birth

The risk of preterm birth is increased among women who have had a previous preterm birth
(Iams et al., 1998). Previous preterm birth is the strongest risk factor for repeated preterm
delivery and recurrences often occur at a similar gestational age, with around 70%
delivering within 2 weeks of the gestational age of their first preterm delivery (Bloom, et al.,
2001). Yet, the majority of mothers who have had a preterm delivery will go on to have a
subsequent term delivery. Term births decrease the risk of PTB in subsequent pregnancies.
Some risk factors of preterm delivery, if not adequately treated or permanent, persist in
subsequent pregnancies.

Given the strong risk of recurrence, the genetic aspects of preterm delivery have become a
matter of keen interest. Several studies suggest that a new partner between pregnancies
reduces the risk of preterm delivery. A study carried out by Li suggested that among
women with a preterm delivery at gestational age less than 34 weeks, changing partners
resulted in a 33% reduction in the risk of preterm delivery in the subsequent pregnancy,
compared to those who did not change partners (Li, 1999). However, a change in partners
may reflect an association with long inter-pregnancy intervals rather than the influence of
the partner’s genetics per se. A more recent and extensive study of this hypothesis suggested
that fathers contributed little to the preterm delivery risk (Wilcox, et al., 2008).

Genetic researchers have instead concentrated on both maternal and fetal genes, as poor
perinatal outcomes can, in principle, be affected by both the maternal genotype and the fetal
genotype (Wilcox, et al., 2008). It is obvious that fetal genes can affect fetal wellbeing.
However, the role of maternal genetics in fetal health and pregnancy outcome is more
subtle.

Wilcox et al, 2008, carried out a study to investigate familial recurrence of preterm birth, and
analyze the relative contributions of maternal and fetal genotypes to the risk of preterm
delivery. They concluded that the recurrence risk of preterm birth was transmitted through
the mother, with a higher risk if the mother was born preterm herself. There was no
increased risk with the father’s previous history or genetic input (Wilcox, et al., 2008). Other
studies implicate a significant increase in risk to children, whose older siblings were affected
by preterm birth, due to maternal and /or fetal genetic influences (Plunkett, et al., 2008).
This increased risk still persists even after adjustment for common non-genetic
environmental risk factors in families.

2.2 latrogenic preterm delivery

Iatrogenic preterm delivery accounts for more than 30% of all preterm deliveries. The
preterm birth rate continues to escalate in many countries worldwide because of an increase
in the indicated preterm births rate (Goldenberget al., 2008). Pre-eclampsia and placental
abruption affects approximately 7% and 1% of all pregnancies, respectively. Along with
intrauterine growth restriction and premature rupture of the membranes, they represent the
most common reasons for indicated preterm delivery (Goldenberg, 2008, Plunket, 2008).
Multiple gestations make up 10% of all preterm births, the majority of which, (50%), are
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delivered preterm due to medical indications (Moutquin, 2003). The Obstetrician has to
weigh up the benefits of allowing the pregnancy to continue in order to achieve improved
perinatal outcome for the preterm infant, against delivering the fetus early for the health of
the mother and infant. In 1995, The American College of Obstetricians and Gynecologists
reported a survival rate for newborns at 34 weeks gestation as being within 1% of those born
at or beyond 37 weeks (Hauth, 2006).

2.3 Preterm prelabour rupture of membranes

Preterm Prelabour Rupture of Membranes (PPROM) complicates only 2% of pregnancies
but is associated with 40-45% of preterm deliveries. It can occur spontaneously or can be
iatrogenic following invasive procedures such as diagnostic amniocentesis or cervical
surgery. PPROM together with spontaneous preterm labour accounts for almost 75% of all
cases of preterm birth. At less than 37 weeks' gestation rupture of the membranes places the
mother and the fetus at increased risk of short-term and long-term morbidity and mortality.
The three causes of neonatal death associated with PPROM are prematurity, sepsis and
pulmonary hypoplasia. Women with intrauterine infection deliver earlier than non-infected
women and infants born with sepsis have a mortality rate four times higher than those
without sepsis (RCOG, Green-top Guideline No. 44, 2010).

The decision to deliver the fetus prematurely or to manage the pregnancy expectantly
following a diagnosis of PPROM requires careful assessment of the dangers related to
prematurity in pregnancies delivered earlier compared with the development of intrauterine
infection in those pregnancies managed expectantly. Since the 1970s expectant management
has been the standard treatment for PPROM (Alexander & Cox, 1996). Controversy exists over
the gestational age at which expectant management should be abandoned and active
interventions to effect delivery pursued. The Royal College of Obstetricians and
Gynaecologists, Green-top Guideline, No. 44, recommend delivery at 34 weeks’ gestation due
to the increased risk of chorioamnionitis thereafter (RCOG, Green-top Guideline No. 44, 2010).

2.4 Antepartum haemorhage

Vaginal bleeding in early pregnancy has been consistently shown to be an independent risk
factor for preterm delivery. One study quotes a two-fold increase in the risk of preterm birth
in mothers who had bleeding in the first trimester of pregnancy compared to mothers with
no vaginal bleeding (Williams, et al., 1991). Even women with only light vaginal bleeding
were also at a significantly increased risk of preterm birth (Berkowitz, et al., 1983).
Antepartum haemorrhage in the second or third trimester of pregnancy is an important risk
factor for preterm birth. A bloody show is benign and does not contribute to preterm birth.
Other causes of antepartum haemorrhage, including placental abruption and placenta
praevia, although they represent a minority of cases of antepartum haemorrhage (Chan &
To, 1999), are more ominous and if left untreated could potentially lead to the death of the
fetus and mother. Other non-obstetric causes of antepartum haemorrhage, such as bleeding
from the lower genital tract or rectal bleeding need to be carefully excluded. Antepartum
haemorrhage of unknown origin remains the most common cause of bleeding in pregnancy,
accounting for more than 50% of all cause of antepartum haemorrhage (Chan & To, 1999).

A retrospective analysis into the timing of preterm birth and antepartum haemorrhage
showed that the risk of preterm delivery, although higher with associated uterine contractions,
was still significant even without contractions: 62.5% versus 13.6% (Leung, et al., 2001).
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2.4.1 Abruption

Evidence exists that correlates decidual bleeding with chronic uteroplacental vascular
pathologic processes (Salafia, et al., 1995). Implantation of the human blastocyst involves
trophoblastic invasion deep into the decidual cells of the uterus. Shallow invasion leads to
inadequate decidual vascular formation and subsequent poor uteroplacental blood flow
(Lockwood, et al., 2009). Placental ischaemia occurs and is implicated in the pathogenesis of
placental abruption and of preterm birth (Vintzileos, 2008, Ananth, et al., 2007). Decidual
bleeding at the time of formation of the placenta is associated with preterm birth through an
increased risk of PPROM (Harger, 1990).

2.5 Excessive uterine distention

Polyhydramnios, multiple gestations, and other reasons of excessive uterine distention are
well studied risk factors for PTB. Over stretching of the uterine muscle induces the
formation of gap junctions, upregulation of oxytocin receptors, and production of
prostaglandin E2 and F2 and myosin light chain kinase, which are critical events preceding
uterine contractions and cervical dilation (Ou, CW., & Orsino A. 1997).

2.5.1 Abnormal amniotic fluid volumes

Abnormal amniotic fluid volumes is associated with poor perinatal outcome. The incidence
of polyhydramnios, an excess amount of amniotic fluid, ranges from 1- 2% of all
pregnancies depending on the diagnostic criteria used (Hill, et al., 1987, Bundgaard, et al.,
2007). It is caused by fetal malformation, such as gastrointestinal obstruction, in the majority
of cases, followed closely by maternal diabetes mellitus. Other causes such as fetal anaemia
and congenital infection play a less significant role (Beloosesky & Ross, 2010).
Polyhydramnios causes uterine overdistension and thus predisposes pregnancies to preterm
delivery. Complications associated with oligohydramnios include skeletal deformations,
contractures and pulmonary hypoplasia. Preterm delivery in fetuses with no congenital
anomalies, either spontaneous preterm birth or medically indicated due to maternal or fetal
complications, occurs in more than 62% of cases of oligohydramnios, compared to 8% in
pregnancies with normal liquor volumes (Petrozella, et al, 2011).

2.5.2 Multiple gestations

Multiple gestations are high-risk pregnancies, which are often complicated by preterm birth,
low birth weight, neonatal morbidity and perinatal, neonatal and infant mortality. Twins
and higher order multiple pregnancies account for only 2 to 3% of all births, but make up
more than 17% of late preterm births, and 23% of very preterm births (Blickstein, 2006). The
average birth age of most multiple gestations occurs in the late preterm period due to the
occurrence of spontaneous onset of labour and iatrogenic preterm birth. 50% of all twins and
more than 90% of triplets are born premature. 36% of triplets are delivered before 32 weeks
gestation (Blickstein, 2006). Of the preterm pregnancies, twins are also at increased risk of
being born at an earlier gestation than singleton pregnancies (Gardner, et al., 1995).
Determination of chorionicity is important as the risk of preterm birth in dichorionic twins
before 32 weeks is 5.5% and in monochorionic twins, 9% (Krampl & Klein, 2007). Iatrogenic
preterm birth in monochorionic twins significantly increases the number of preterm
deliveries in this type of twinning as obstetric and maternal complications are particularly
high (Lee, et al., 2006). The most concerning complication associated with monochorionicity
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is twin to twin transfusion syndrome (TTTS). The management of these pregnancies is
controversial especially regarding the optimal timing of delivery. Some recommend preterm
delivery of monochorionic diamniotic twins, even without TTTS or other anomalies, due to the
high incidence (ranging from 3.6% to 4.6%) of unexpected intrauterine fetal death despite
intensive fetal monitoring after 32 weeks of gestation (Lee, et al., 2008, Barigye, et al., 2005).
The endocrine environment produced by multiple gestations may also be a contributing
factor. Multiple gestations produce a higher amount of estrogen, progesterone, and sex
steroids compared to singleton pregnancies (Robinson, 2011). Increased steroid production
in multiple pregnancies may play a role in initiation of preterm labor. In particular, higher
peripheral levels of relaxin, associated with multiple gestations, may cause cervical
insufficiency, with subsequent PTB (Weiss, et al., 1993).

The emergence of assisted reproduction technologies has increased the rate of multiple
gestations.

The pathophysiology for preterm birth in multiple gestations, particularly higher order
multiple gestations, may be related to uterine over-distension and increased intrauterine
volume, or related complications such as cervical incompetence. Healthcare professionals
should endeavor to reduce the risk of multiple gestation and pre-term labour through
appropriate monitoring of patients treated with fertility drugs and limiting the number of
embryos transferred. Reduction of multiple gestations, particularly high order multi-fetal
pregnancies, may improve neonatal outcome.

2.6 Uterine trauma/anomalies

Uterine abnormalities predispose to preterm birth, due to the inability of uterus to hold the
pregnancy until term. Uterine leiomyomas are the most common abnormalities observed.
Pregnancies with uterine duplication anomalies, such as bicornuate uteri are more likely to
be complicated by preterm birth at less than 34 weeks gestation, 29% versus a preterm birth
rate of 3% at 34 weeks, with normal uteri (Cooney, et al., 1998). Unicornuate uteri, although
rare, (1: 4020) carries with it the poorest overall obstetric outcome with a preterm birth rate
of 20.1% (Reichman, et al., 2009).

2.6.1 Uterine leiomyoma

Leiomyoma, better known as uterine fibroids, are benign smooth muscle neoplasms of the
uterus. They arise in women of reproductive age, and in most cases are asymptomatic.
Reports of an increase in the size of uterine fibroids during pregnancy have been
inconsistent throughout the literature (Aharoni, 1988, Lev-Toaff, 1987, Strobel 1994). Those
that do increase in pregnancy do so in the first trimester (Ouyang, 2006). The most common
recognized complication of uterine fibroids in pregnancy is pain, affecting approximately
10% of women with fibroids (Rasmussen & Knudsen, 1994).

There appears to be a small increase in the rate of preterm birth in pregnant women with
uterine fibroids. This risk is further increased if there are multiple fibroids present in the
uterus or if placentation has occurred next to or overlying a submucosal fibroid (Lev-Toaff).
Various theories have been proposed regarding the relationship between preterm birth and
fibroids. These include a localized increase in oxytocin levels and premature contractility
when a gravid fibroid uterus reaches a certain size, as fibroid uteri are assumed to be less
distensible than non-fibroid uteri (Ouyang, 2011). Myomectomy should be considered on an
individual basis in women with a preghancy complication or an adverse pregnancy
outcome presumed due to fibroids prior to future pregnancies.
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2.6.2 Diethylstilbestrol

Diethylstilbestrol is a synthetic non-steroidal estrogen, initially produced for the treatment
of postmenopausal symptoms and endometriosis. Historically, it was used in pregnant
women with the incorrect assumption that it would reduce the rate of miscarriage and
preterm birth.

In 1971 a case series, published by the New England Journal of Medicine emerged linking
Diethylstilbestrol (DES) to female offspring genital tract neoplasia via transplacental
carcinogenesis 15 to 22 years later (Herbst, et al., 1971). Subsequent studies into its use
confirmed a predisposition to clear cell adenocarcinoma of the vagina and cervical
intraepithelial neoplasia in female offspring (Hatch, et al., 2001, Troisi, et al., 2007). Women
exposed to DES in-utero were also found to be at higher risk of infertility, preterm birth and
adverse pregnancy outcomes. This has been attributed to the increased risk of abnormalities
of the uterus, such as t-shaped uterus and uterine fibroids seen in DES daughters (Kaufman,
et al., 2000). Its use in pregnant women was subsequently discontinued.

2.6.3 Previous cervical surgery

Cervical incompetence is dilatation and effacement of the cervix prior to term, which
contributes to the loss of an otherwise healthy pregnancy. It is relatively rare accounting for
1-2% of all pregnancies in the United States, but up to 25% of all mid trimester losses. Risk
factors for cervical incompetence include previous cervical surgery, and history of second
trimester pregnancy loss.

The risk of preterm birth is significantly increased in women who have had cervical surgery,
most notably with cone biopsies (conization) or Large Loop Excision of the Transformation
Zone (LLETZ) (Kristensen, et al., 1994). In a retrospective study carried out on 624 women,
who delivered post loop electrosurgical excision procedure, Jakobsson et al, found that the
risk of preterm birth was higher following larger biopsies or repeated procedures, with a
two and five-fold increase respectively (Jakobsson, et al., 2009). A subsequent study on the
subject found that it was the presence of cervical intra-epithelial neoplasia 3 (CIN3) as
opposed to cervical surgery per se that contributes to the increased the risk of preterm birth:
women with CIN3 were significantly more likely to have spontaneous preterm birth
compared with those without CIN, 11% versus 6% respectively (Shanbhag, et al., 2009). It is
therefore important to consider that the social risk factors that predispose to CIN rather than
cervical surgery alone may increase preterm birth rates in women undergoing LLETZ
procedures.

2.6.4 History of second trimester termination of pregnancy

Speculation exists regarding the effects of termination of pregnancy as an independent risk
factor for adverse obstetric outcomes. First and indeed second trimester termination of
pregnancies have historically been considered minor procedures, with little thought paid to
future pregnancies or fertility. Termination of pregnancies is a very common event,
occurring in 21.3 out of every 1000 women per year in the United States in 2000 (Finer &
Henshaw 2003). Suspected mechanisms that predispose to preterm birth associated with
termination of pregnancies include introduction of infection, with formation of uterine
adhesions, and secondly, damage to the cervix leading to cervical incompetence. A
systematic review of research into birth outcomes for women with a history of termination
of pregnancy found that the procedure was associated with a small but statistically
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significant risk of preterm birth, in comparison to mothers who had never had a termination
(8.7% versus 6.8% respectively). Additionally, the risk of both preterm birth and low birth
weight was increased with an increasing number of pregnancy terminations (Shah & Zao,
2009). When considering these results, it is important to note that many of the other risk
factors, such as smoking and low maternal body mass index, related to adverse pregnancy
outcomes in this group of women undergoing termination of pregnancy.

2.7 Psychological stressors

The mechanisms involved in the psychosocial associations of preterm birth are not well
understood. Research on psychosocial factors and preterm birth has accumulated rapidly in
recent years. Some psychosocial factors implicated in the aetiology of preterm birth include
major life events, chronic stress, maternal anxiety, personal racism, and lack of support
(Behrman & Butler, 2007).

2.7.1 Major life event

Exposure to severe life events has been linked to very and extremely pre-term births.
Khashan and colleagues carried out a study evaluating the influence of exposure to severe
life events and preterm, very preterm and extremely preterm birth. Exposures were defined
as death or serious illness in close relatives 6 months prior to conception or in the first or
second trimester of pregnancy. In their cohort of 1.35 million singleton live births, they
found that maternal exposure to severe life events contributed significantly to the risk of
preterm birth; severe life events in close relatives increased the preterm birth rate by 16%,
while if the severe life event involved an older child, the risk of preterm and very preterm
birth was increased by 23% and 59% respectively (Khashan et al, 2009).

2.7.2 Work related stressors

With the increasing number of mothers who continue to work late into their pregnancy,
occupational stress is hypothesized to be an important contributor to adverse reproductive
outcomes, both for mother and baby (Mutambudzi et al., 2011). Physical stressors such as
shift work, long hours standing, and heavy lifting have been consistently associated with
increased risk of preterm birth (Gold et al 1994). Theoretically, having and being able to
maintain a job, is an indicator in itself of a higher socioeconomic status, which has an
inverse effect on preterm birth rates. Recent studies have found no increase in the rate of
preterm birth and employment, but these are mainly studies carried out in developed
countries, where physical strain and hazardous working conditions are not the norm.

2.7.3 Behavioral stressors

Behavioral stressors such as smoking, alcohol and illicit drug use, poor eating habits, sexual
and physical activity, are of great importance as modifiable risk factors, as their elimination
can lead to an effective reduction in the preterm birth rate. These behaviors pose specific
challenges in establishing a cause and effect relationship because of their inherent
complexity (Behrman & Butler, 2007). In addition, unfavorable health activities tend to
cluster: for example women with poor diets often have other potentially detrimental
behaviors, such as a lack of physical activity, and vice versa (Behrman & Butler, 2007).

In the UK in 2004, 25% of all adults were smokers (NHS). 17% of mothers continued to
smoke throughout pregnancy, whilst 49% of smoking mothers gave up before or during
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pregnancy (NHS). Studies have shown that lower or stressful socioeconomic status
contributes significantly to persisting to smoke during pregnancy (Weaver, 2007). Smoking
is strongly related to placental abruption, reduced birth weight and infant mortality,
however, the relationship of cigarette smoking to preterm birth is somewhat modest and not
completely replicable (Behrman & Butler, 2007). Its influence on pregnancy outcomes, like
preterm birth, is most notable in the third trimester and there is no increased risk detected in
mothers who smoke prior to the onset, or in the early stages of pregnancy (Behrman &
Butler, 2007).

High levels of alcohol use during pregnancy have detrimental effects on fetal development
and subsequent neonatal survival. Women who have more than one drink a day are at an
increased risk of preterm labour. According to a study carried out by Albertsen et al., 2004, the
relative risk of preterm delivery and very preterm birth, <32 completed weeks, among women
who had seven or more drinks a week during pregnancy was 1.77 and 3.26 respectively,
compared to non-drinkers. If less than 4 units a week of alcohol was consumed, then there was
no increased risk of preterm birth (Albertsen et al., 2004). Due the differing effects of alcohol on
the fetus depending on the amount consumed and the limitations associated with self-
reporting, the relationship between alcohol and preterm birth remains unclear.

Illicit drug use, especially cocaine, has been widely implicated as an important cause of
preterm birth. Cocaine use in the United States rose from 3.2% in 1972 to 12.5% in 1985, and
continues to rise (Rouse, 1991). Antenatal cocaine users experience significantly increased
risk of preterm birth compared with that for non-users, with an odds ratio of 3.38 (Gouin,
2011). Marijuana smoking does not appear to significantly increase the risk of preterm
labour. Its adverse effects come mainly from the inhalation of combustion material
(Behrman & Butler, 2007).

Repeatedly, evidence shows that mothers who live a favorable lifestyle are at a reduced risk
of adverse pregnancy outcome, including a reduction in the risk of preterm labour (Behrman
& Butler, 2007). Continued efforts are required to better understand and therefore define the
aspects of a positive lifestyle that are associated with a reduced risk of preterm birth.

2.8 Ethnicity

Preterm birth, the primary predictor of prenatal morbidity and mortality can result from
diverse biologic and sociodemographic variables (Al-Eissa, & Ba’Aqeel, 1994). The infant
mortality rate for non-Hispanic Black mothers in 2002 was 13.9 per 1000 live births. This is a
huge difference from the rate for non-Hispanic White mothers: 5.8 per 1000 live births
(Mathews, et al., 2004). Chronic stress is a more prominent feature in the daily lives of Black
women than for White women. African American women are, throughout the published
literature, at a higher risk for preterm delivery. In the year 2001, the United States preterm
delivery rates among Black and White women were 17.5 and 10.8 per 100 live births,
respectively (Mustillo, et al, 2004). This gap persists, even after consideration for
socioeconomic status, and other known risk factors. Collins et al investigated the causal
mechanisms of this association. When other risk factors, such as socioeconomic condition,
levels of support, cigarette smoking, alcohol and illicit drug use were excluded, they reported
that African American mothers with very low birth weight infants, less than 1500g, were twice
as likely to report experiences of racial discrimination during pregnancy than women who had
infants of normal birth weight (more than 2500g) (Collins, et al., 2000). This elevated rate may
account for the difference in the pre-term birth rate between the USA and other countries.
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Subsequent studies supported this finding. In a study comparing African American women
who delivered low birth weight infants, who were all preterm, and matched controls, with
normal birth weight infants, it was concluded that “lifelong accumulated experiences of
racial discrimination experienced by African American women constitute an independent
risk factor for preterm delivery” (Collins, et al., 2004).

Mustillo and colleagues carried out a 10 year prospective study on a large cohort of African
American and White women who gave birth to live infants at 20 weeks gestation or longer.
Firstly, they found that race was a risk factor for preterm birth. Black women were 2.5 times
more likely to have a preterm delivery than White women. Those reporting racial
discrimination in 3 or more situations, were 3.1 times at increased risk of preterm birth.
Second, women who had experienced lifetime discrimination were almost five times more
likely to deliver a low birth weight infant, (less than 2500g) than those who had not
experienced any racism (Mustillo, et al., 2004). These reports suggest that lifetime
experiences of racism, as a psychosocial stressor, may significantly contribute to the racial
and ethnic disparities in the rates of both preterm birth and low birth weight.

2.9 Assisted reproduction

Worldwide, more than 10% of couples are infertile (Nelson & Lawlor, 2011). Until recently
very little could be done to help infertile or subfertile couples. Then, in July 1978, the world's
first successful in vitro fertilization (IVF) baby was born. Since then, 4 million babies have
been born through in vitro fertilization (Nelson & Lawlor 2011).

Infertile couples that conceive following IVF with or without intra-cytoplasmic sperm
injection (ICSI) are at an increased risk for obstetrical and perinatal complications, most
notably, preterm delivery and low birth weight (Basso & Baird, 2003). Singleton pregnancies
achieved by assisted reproduction are at higher risk for adverse perinatal outcomes than
spontaneous singleton pregnancies in fertile couples. Another significant risk of assisted
reproduction is multiple gestations. Although the majority of twinning that occurs with
assisted reproduction are dichorionic, the incidence of monochorionic twinning following
assisted reproduction is 4-5 times that of normally conceived twins: 1.88% versus 0.4%,
respectively (Alikani, et al.,, 2003). Aspects of assisted reproductive techniques, which
increases the risk of preterm birth include, assisted hatching (2.35% versus 1.58% with no
assisted hatching) and day 5 or day 6 blastocyst transfer (1.5% versus 0.2% in embryos
transferred on day 2) (Alikani, 2003, Wright, 2004). This carries with it an increase in poor
perinatal outcome. Risks of multiple pregnancies include higher rates of preterm birth and
low birth weight with its associated perinatal mortality (Allen et al., 2006).

Nelson and Lawlor carried out a study to evaluate the factors that influence the success of
assisted reproductive treatment. Among their findings, they discovered that there was a
marked increase in the risk of preterm birth, if oocyte donation for female factor infertility
was required. They also found that other maternal characteristics, especially maternal age
and cervical causes of infertility are strongly associated with the risk of preterm delivery in
singleton live births resulting from IVF (Nelson & Lawlor, 2011).

It remains uncertain if the increased risks of preterm birth associated with assisted
reproduction are attributable to the underlying infertility, characteristics of the infertile
couple, or possible adverse effects of the assisted reproductive treatments (Allen et al., 2006;
Basso & Baird, 2003). The fact that infertile women who require assisted reproduction are
older and are more likely to have an underlying chronic illness may also explain a patient-
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related increase in preterm birth (Blickstein, 2006). However, treatment bias, such as
iatrogenic preterm birth, cannot be excluded.

2.10 Body Mass Index

Maternal body mass index (BMI), calculated as the weight (kg) divided by the height (m?), is
hypothesized to play a significant role in the aetiology of preterm birth. Evidence suggests that
a low pre-pregnancy weight is associated with an increased risk of preterm birth (Zhong,
2010). Al-Fissa, & Ba’Aqeel, 1994 carried out a case control study in Saudi, to determine the
risk factors that were associated with preterm birth. Their findings included a significant
correlation between a maternal BMI of less than 23 and an increased risk for preterm delivery
(Al- Eissa, & Ba’Aqgeel, 1994). This evidence is further supported by various other studies, most
notable The Preterm Prediction Study, where it was reported that a maternal BMI of less than
19.8 was strongly associated with an increased risk of very preterm birth less than 32 weeks
gestation, with a relative risk of 2.5 (Goldenberg et al., 1998).

The incidence of obesity is escalating worldwide, and has become the focus of initiatives
to preclude its occurrence and reduce the associated adverse health consequences.
Pregnant women who are obese are at an increased risk for certain complications during
pregnancy, labour and delivery and in the post partum period. These include an increased
risk of malformations, including neural tube defects, shoulder dystocia and other birth
traumas, endometritis and caesarean wound infection, in comparison to non-obese
women (Magann, et al., 2010). Pre-pregnancy obesity is implicated in the aetiology of
preterm birth by increasing the risk of PPROM. The risk of spontaneous preterm birth in
obese mothers at less than 37 weeks gestation, without PPROM is reduced: 6.2% versus
11.2% in non-obese mothers (Zhong, 2010, Hendler, 2005). This finding is supported by
more recent studies on the subject with obese women in early pregnancy being more
likely to have post term babies, than their non-obese controls (Khashan, & Kenny, 2009,
Magann, et al., 2010). However, indicated preterm delivery for congenital defects, large
for gestational age, gestational diabetes, preeclampsia, and stillbirth, contributes
significantly to the proportion of preterm birth rates in obese women (Hendler, et al,,
2005).

2.11 Maternal age

The importance of maternal age, which has been widely reported to influence pregnancy
outcomes and therefore duration, is escalating. This is due to the increasing frequency in the
last 20 years of mothers bearing children at advancing ages. Women under 16 and those
above 35 have a 2 to 4 percent higher rate of preterm birth compared with those between 21
and 24 years of age.

Several studies have examined the relationship between advancing maternal age and
preterm delivery, with preterm births occurring in 8% of mothers more than 35 years
compared to less than 4% of births among mothers younger than 35 years (Martius, 1998, &
Astolfi, 1999). This finding has been attributed to the hormonal factors associated with
advancing maternal age. However, there is insufficient evidence to determine if advancing
maternal age is an independent and direct risk factor for preterm birth.

Teenage mothers also carry an increased risk of adverse pregnancy outcomes including an
increased risk of delivering earlier than mothers between 20 to 39 years old. They are also
more likely to have higher rates of extreme prematurity (Shrim, 2011). This high proportion
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of preterm births in young mothers may be indicative of unfavourable socio-economic
situations. However, it is important to remember that gestational age may be more
frequently underestimated in the poorly educated or very young mothers.

2.12 Infections

Infections and associated inflammation are important initiators of the preterm birth
pathways. This is suggested by the repeated discovery of positive bacterial cultures from the
placentas or membranes of a high proportion of patients with preterm birth (Salafia, 1991).
25% of all preterm births occur in mothers with bacterial colonization of the uterus (Romero,
et al.,, 2007). Other studies have shown that bacteria, which cause placental infection, are
capable of producing prostagandins, which disrupts uterine quiescence, causing cervical
softening and preterm birth (Bejar, 1981). In addition, vaginal infection and associated
inflammation, causes an inflammatory response with cytokines, which cause a further
increase in prostaglandin levels (Srinivasan, et al., 2009).

Raised levels of neutrophils and a raised pH of more than 5, was shown to be significantly
associated with preterm birth. There is an inverse relationship between neutrophilia and
preterm birth, with the strength of the association increasing as the gestational age at
delivery decreases (Sinham, 2003). Intrauterine infection is a particularly important risk
factor for adverse neurodevelopmental outcomes after PPROM. The colonization of the
placenta and membranes can arise directly from the genito-urinary tract with sexually
transmitted infections or from haematogenous spread with systemic infections.

2.12.1 Sexually transmitted infections

In evaluating the risk of spontaneous preterm birth associated with genitourinary tract
infections, Andrews, et al., carried out a case control study in The Preterm Prediction Study.
They found that women with Chlamydia trachomatis infection were more likely to have a
short cervix less than 25mm, than uninfected controls (33% versus 17.9% respectively). They
also noted that infection with C. trachomatis at 24 weeks gestation predisposed the mothers
to a risk of preterm delivery 2 times and 3 times that of the uninfected controls at less than
37 weeks” and less than 35 weeks’ gestation respectively (Andrews, et al., 2000). Andrews et
al also published a secondary analysis in 2006 on the relationship between mid-pregnancy
genitourinary tract infection with Chlamydia and its association with subsequent preterm
birth, refuting their primary results regarding an increased risk in Chlamydia infected
mothers and preterm birth (Andrews, et al., 2006). Subsequent research in the area has
resulted in conflicting results. It therefore remains uncertain if an association exists between
sexually transmitted infections and preterm birth. There is some indication that it is the
relative load of bacteria, or the specific species of bacterium, rather than its presence per se,
that predisposes to preterm birth.

2.12.2 Periodontal disease

Recent evidence suggests that infections remote from the fetal site may also be causative.
Bacteria are capable of entering the uterine cavity by haematogenous spread. Periodontal
disease, a chronic low-grade infection, has been repeatedly implicated in the causation of
preterm birth. Oral and vaginal sites are comparable in their bacterial microbiology.
Mothers with periodontitis and bacterial vaginosis also share similar social and socio-
demographic risk factors, suggesting a common pathophysiology (Srinivasan, et al., 2009).
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Low levels of infections and disturbances of the bacterial flora in the mouth have been
shown to be enough to initiate preterm birth via the production of pro-inflammatory
cytokines in the uterus (Romero, et al., 2007).

Offenbacher and colleagues, in the OCAP (Oral Conditions and Pregnancy) study,
investigated obstetric outcomes in women with periodontal disease. Their results illustrate a
preterm birth incidence of 28.6% in women with moderate to severe periodontal disease
compared to 11.2% among women with good oral health (Offenbacher, et al., 2006). Several
other studies report an inverse relationship between severe or generalized periodontal
disease and decreasing gestational age at delivery, with an odds ratio of 4.45 for preterm
delivery less than 37 weeks, increasing to an odds ratio of 7.07 for delivery before 32 weeks
gestation (Jeffcoat, et al., 2001).

As regards antenatal treatment of periodontal disease, Offenbacher and colleagues carried
out a randomized controlled trial, the Maternal Oral Therapy to Reduce Obstetric Risk
(MOTOR) study, to evaluate the effect of non-surgical treatment of periodontal disease on
preterm birth rates. They found that treatment of women with periodontal disease had
minimal improved benefit on gestational age at delivery of less than 37, 35 or 32 weeks,
13.1% versus 11.5% in non-treated controls (Offenbacher, et al, 2009). This is in contrast to
the recent Australian meta-analysis of 10 randomized trials by George et al 2011, which
found that antenatal periodontal treatment significantly lowered preterm birth and low
birth weight rates (George, et al., 2011).

Given the mounting evidence and continued speculation regarding the effect of periodontal
disease and treatment on preterm birth, every opportunity should be taken to advise
mothers about the importance of good oral health preconceptually and prevention of
periodontal disease.

2.13 Fetal factors

2.13.1 Congenital abnormalities

The presence of a major congenital abnormality greatly increases the risk of preterm
delivery, 3.8-fold increased risk compared with newborns without congenital malformations
(Mohangoo et al., 2010). It is also associated with the presence of other risk factors that
predispose to preterm birth, with pregnancies with multiple malformations at the highest
risk of preterm birth. A study carried out in Washington to evaluate the relative risk of
preterm birth associated with major congenital abnormalities quoted a preterm birth
prevalence of 11.5% in pregnancies complicated by all congenital abnormalities (Purisch, et
al., 2008). The most lethal of these, congenital cardiovascular malformations, is associated
with an increased incidence of preterm birth, present in 12.5 per 1000 cases of preterm birth,
in comparison with 5.1 per 1000 cases in term infants (Tanner, et al., 2005). The highest risk
of preterm birth was associated with infants with congenital abnormalities of the central

nervous system, respiratory system and infants with chromosomal anomalies (Mohangoo et
al., 2010).

2.13.2 Intrauterine growth restriction

Intrauterine growth restriction (IUGR), which is classified as a fetal weight below a certain
centile for gestational age is associated with an increased incidence of preterm birth. IUGR is
defined as a fetus with an estimated weight at below the 3rd, 5th, or 10th centile for
gestational age according to population matched centile charts. It is obvious that the higher
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the threshold for classifying a fetus as growth restricted, the more likely it is that the fetus is
a constitutionally small for gestational age fetus. The greatest risk of adverse perinatal
outcome with growth restricted fetuses are those with an estimated fetal weight below the
3rd centile, with a 10 fold increased risk of neonatal death, than normally grown babies,
26th - 75th percentile or weight (Mclntire, et al., 1999).

It is hypothesized that spontaneous preterm labour and birth in growth-restricted fetuses is
an adaptive response of the fetus to a hostile intrauterine environment. A European study
evaluating the relationship between small for gestational age fetuses and preterm birth,
reports an incidence for indicated preterm delivery of more than 40% for small for
gestational age fetuses, in comparison to 10.7% of control normally grown fetuses. Not
surprisingly, the relationship between growth restriction and preterm delivery is stronger
the earlier the gestation (Zeitlin, et al., 2000).

2.13.3 Fetal gender

It has been long noticed that female fetuses have a better perinatal survival than male
fetuses. A study analyzing the relationship between fetal gender and preterm births
confirmed this stating that male fetuses are at an increased risk of being born preterm than
female fetuses, in both singleton and twin pregnancies (Cooperstock and Campbell, 1996).
This finding was consistent with other studies on the subject, with male babies at higher risk
of being delivered at earlier gestations than female babies, 4.4% versus 4.0% (Astolfi, 1999,
Hall and Carr-Hill, 1982). Speculation exists regarding the male fetal hormonal input into
the onset of labour, or the genetic disadvantage of the male fetus, evidenced by the excessive
male sex percentage in adverse pregnancy outcomes (Astolfi, 1999). However, despite
numerous studies on the mechanisms of preterm labour influenced by fetal gender, an
explanation for this remains uncertain.

2.14 Others

The decision to undergo abdominal surgery during pregnancy is a difficult one. The risk
and benefits of treating the surgical condition must be weighed up against the risk of
adverse pregnancy outcomes, including pregnancy loss and preterm delivery. Abdominal
surgery during the first and second trimester of pregnancy is not associated with a
significant preterm birth risk, but this risk becomes of significance in the third trimester of
pregnancy (Visser, et al., 2001).

A short inter-pregnancy interval appears to be a risk factor for adverse perinatal outcomes,
including preterm birth. The optimal inter-pregnancy interval is between 18 to 23 months,
with increasing risk the shorter the interval. Infants conceived at less than 6 months
intervals, had an odds ratio of 1.4 for preterm birth (Zhu, et al., 1999).

3. Future research on risk factors

Research into the risk factors attributable to preterm birth is ongoing, with international
collaboration. The SCOPE (Screening for Pregnancy Endpoints) study is an international
prospective study of pregnancy outcomes. Its 3 main objectives are to distinguish women in
early pregnancy at risk of developing pregnancy related complications, identify novel
markers that predict each complication, and develop tests that can aid in rating individual
risk. Early identification of at risk women, prediction of disease and prompt intervention
provides the opportunity to dramatically improve maternal and infant health.
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The SCOPE study is further supported by the PREHOT and PREBIC studies to contribute to
an increased understanding of preterm birth. Currently there are no dependable or
replicable methods available to detect women at high risk of preterm birth. The Preterm
birth and healthy outcome team (PREHOT), using the information from genes works under
3 themes: 1. Better prediction of preterm birth, 2. Development and testing of interventions
to reduce the rate of preterm birth and 3. Examination of outcomes associated with follow
up interventions. The Preterm Birth International Collaborative (PREBIC) initiative aims to
improve pregnancy and birth outcomes and optimize infant health to assure optimal adult
health. It too, is an international initiative investigating the causes and prevention of
preterm birth and low birth weight. As with the previous 2 studies, PREBIC also focuses on
use of biomarkers to identify those patients at increased risk of preterm birth and formulate
intervention strategies to prevent and manage those pregnancies at increased risk for
indicated preterm delivery.

4. Conclusion

Preterm birth and low birth weight remain the most important predictors of perinatal
morbidity and mortality among otherwise healthy infants. Despite the increasing survival of
preterm infants due to the improvement in skills and technologies used in their
management, the incidence of preterm birth continues to increase globally. Many risk
factors have been proven to be causative, while others remain under speculation needing
ongoing research. Previous history of preterm birth remains by far the most accurate
predictor of risk for subsequent preterm delivery. Many of the risk factors that predispose to
this condition, if not correctly identified and adequately treated persist, and contribute to
the rising incidence of preterm birth. It is important to note that many preterm births occur
in women with no prior identifiable risk factors, and a precise mechanism cannot be
determined.

Successful reduction of the perinatal morbidity and mortality associated with prematurity
requires the implementation of effective risk identification and behavioural modification
programs such as the SCOPE study. Every opportunity has to be grasped by health care
providers to assess modifiable risk factors, and encourage mothers to avoid adverse health
behaviours, such as smoking and illicit drug use. The importance of pre pregnancy optimal
weight attainment, and good oral hygiene is to be reinforced and the opportunity for STI
screening sought.

Finally, identification and timely referral for specialized obstetrical evaluation and
management of these high risk women pre-conceptually or in early pregnancy, is important
in reducing the morbidity, mortality, psychological trauma and expense associated with
preterm birth. Data mining in ongoing prospective trials such as SCOPE, PREHOT and
PREBIC may reveal novel clinical risk factors and lead to the development of clinical risk
algorithms.
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