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Définitions 
 (http://www.who.int/mediacentre/factsheets/fs363/fr/) 

-­‐	
  Prématurité	
  =	
  naissance	
  vivante	
  avant	
  	
  37	
  semaines	
  
révolues	
  de	
  gesta&on.	
  
-­‐	
  15	
  millions	
  de	
  bébés	
  prématurés	
  naissent	
  chaque	
  année.	
  
-­‐	
  Sur	
  184	
  pays,	
  le	
  taux	
  des	
  naissances	
  prématurées	
  varie	
  
entre	
  5%	
  et	
  18	
  %	
  des	
  bébés	
  nés.	
  	
  
-­‐	
  Ce	
  nombre	
  est	
  en	
  augmenta&on	
  	
  
(ex:	
  USA entre 1992 et 2002 a porté principalement sur 
la prématurité tardive (+ 1,2%).   

 



Définitions (NICHD 2005) 
 (Raju et al. Pediatrics 2008;118:1207) 

Extrême prématurité:       < 280/7 sem. 
 
Grande Prématurité:       280/7 - 316/7 sem. 
 
Prématurité modérée:       320/7 - 336/7 sem. 
 
Prématurité tardive:       340/7 SA - 36 6/7sem. 
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Proportions of newborns with severe respiratory disorders and poor prognosis, according to gestational 
age.  

Gouyon J et al. Int. J. Epidemiol. 2010;39:769-776 
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3. Hospitalisation and organisation of care

The incidence of hospitalisation of moderate and late preterm
infants depends on gestational age, comorbidities and organisation
of care. The latter probably explains the variation in rates of hos-
pitalisation of late preterm infants in NICUs: 62% in a French study1;
100% for all babies born at <35 weeks in hospitals of the Kaiser
Permanente Medical Care Program8; 36.5% in 19 other US hospi-
tals.9 In all studies the rate of hospitalisation in NICU declinedwhen
gestational age increased. This point was well illustrated when the
population of the Burgundy study3 was extended by adding
neonates of 32 and 33 weeks’ gestation and by one further year of
data collection as shown in Fig. 1 (J-B. Gouyon et al., unpublished
data).

The pragmatic choice of the appropriate level of care for
moderate and late preterm infants closely relies on the universal
medical risks related to each gestational age and also to the tech-
nical limitations of the local neonatal care units (well baby nursery,
intermediate care, special care, intensive care). These infants
should be managed according to precise medical guidelines1

including the admission criteria in the different neonatal care
units of the birth place or in another hospital as necessary. The
guidelines have also to consider the increased need of resuscitation
at birth in moderate and late preterm infants. A comprehensive
understanding of the neonatal issues of infants born between 32
and 36 weeks’ gestation by health care providers and administra-
tors of hospitals and insurance companies is essential to determine
the resources needed to take care of those infants.

4. Respiratory diseases

4.1. Rates of respiratory diseases

Twenty-four studies published between 2000 and 2009
consistently revealed that infants born at 32e36 weeks experience
respiratory distress syndrome (RDS), transient tachypnoea of the
newborn (TTN), pneumonia and pulmonary hypertension of the
newborn (PPHN) at higher rates than term infants.10 Subsequent
studies delivered similar conclusions. The rate of severe respiratory
disorders e treated by mechanical ventilation and/or nasal CPAP
(nCPAP) e in a population-based study of 150,426 live-born
singleton neonates was 8.31% in late preterm, 0.84% in early term
(37e38 weeks) and 0.28% in late term infants (39e41 weeks).3 The
rate of respiratory compromise in 19 US hospitals was 10.5% of
19,334 late preterm and 1.13% of 165,993 term infants.9 In this
study, all forms of respiratory morbidity and overall respiratory
failure decreased significantly with gestational age until 39 weeks
with the exception of meconium aspiration syndrome which
increased.9 Extended data from Burgundy (Fig. 2) show a similar
trend when moderate and late preterm infants are considered
together.

4.2. Elective caesarean section and neonatal iatrogeny

Elective caesarean section is now regarded as a major contrib-
utor to respiratory morbidities in both late preterm and early term
neonates.11,12 Elective caesarean section has been shown to be
iatrogenic in 25.5% of late preterm deliveries among 1251 singleton
pregnancies with mild gestational hypertension without protein-
uria.12 A large retrospective study has shown that late preterm and
term infants delivered via elective caesarean section had increased
respiratory morbidity but also significantly higher rates of
mortality [adjusted risk ratio (aRR): 2.1; 95% confidence interval
(CI): 1.1e4.1] and risk of special care admission (aRR: 1.4; 95% CI:
1.2e1.6) compared with infants delivered via planned vaginal
delivery.13

Practice points

! A continuous relationship exists between gestational
age and neonatal morbidity/mortality between 32 and
36 weeks of gestation.1
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Fig. 1. Gestational age and rates of respiratory treatments and admission in neonatal
intensive care unit (NICU) in a population of 173,058 live-born infants (years
2000e2009). CPAP, continuous positive airway pressure. Adapted and extended from
Gouyon et al.3

Practice points

! Guidelines for care providers should include admission
criteria in neonatal units.

! Give information about characteristics of MPI and LPI to
administrators.

Practice points

! Each week gained until 39 weeks’ gestation reduces the
risk of respiratory morbidity and improves the prog-
nosis of the newborn.
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Fig. 2. Gestational age and rates of poor prognosis (death and/or severe neurological
condition) and severe respiratory disorders (treated by nasal continuous positive
airway pressure and/or mechanical ventilation) in a population of 173,058 live-born
infants (years 2000e2009). Adapted and extended from Gouyon et al.3
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Neonatal problems of late and moderate preterm infants
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s u m m a r y

Late and moderate preterm infants account for >80% of premature births. These newborns experience
considerable mortality and morbidity in comparison with full-term born infants. The purpose of this
paper is to summarise the most common morbidities of late and moderate preterm infants in the
neonatal period, their incidence, severity, risk factors and need for admission to the different levels of
care. The recent findings on preventive strategies and management priorities for clinical care of these
vulnerable babies are also reviewed.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

In the previous decade, research on mortality and morbidity in
preterm births focused mainly on the highest risk births, those
occurring at<32 weeks’ gestation. However, the category of infants
born at 32e36 weeks represents >80% of preterm births and
includes moderate preterm (320/7 and 336/7) and late preterm
infants (340/7 to 366/7 weeks). Late preterm infants, who are often
viewed as normal newborns by parents and care providers, expe-
rience morbidity during the birth hospitalisation 3.5 times more
frequently than term infants and their neonatal mortality is 4.6
times higher.1 They represent one-third of the neonatal intensive
care unit (NICU) admissions in the USA.1 Moderate preterm infants
have an intermediate rate of morbidity and mortality between late
preterm and very preterm infants but they receive little attention.

This review aims to describe neonatal problems in infants born
between 32 and 36 weeks’ gestation.

2. Rates of neonatal morbidities

The relationship between gestational age and neonatal
morbidity is continuous between 32 and 36 weeks’ gestation1e3

without any threshold of gestational age.2 For instance, the rate
of severe respiratory disorders (treated by mechanical ventilation
and/or nasal continuous positive airway pressure, nCPAP)
continuously declined with gestation from 19.8% at 34 weeks to
0.28% at 39e41 weeks in a French epidemiological study of
singleton live-born babies.3 Similarly, the risk of hypoglycaemia,
hyperbilirubinaemia and poor prognosis as well as the length of
the hospital stay has been inversely correlated with gestational
age.3e5

Clinicians should also be aware that the outcome of late preterm
infants also depends on maternal complications during pregnancy
and on obstetrical practice.1,3 Late preterm birth and, to a lesser
extent, maternal conditions are each independent risk factors of
severe newborn morbidity (particularly severe respiratory disor-
ders) especially when late preterm infants have been exposed to
antepartum haemorrhage, hypertensive disorders of pregnancy,
diabetes, elective caesarean section (CS) and intrauterine growth
restriction (IUGR).2e4,6

Finally, the adaptation of professional practices to the risk level
recorded in epidemiological studies is of prime importance. For
instance, Reddy et al.7 have recently shown that the highest
mortality rate in late preterm infants was observed when no indi-
cation for delivery was recorded in the medical files of the USA
Birth Cohort, thus suggesting that the absence of medical indica-
tions for delivery at 34e36 weeks was associated with an excess
risk of mortality.

Practice points

! Four-fifths of premature babies are born at 32e36
weeks’ gestation.

* Corresponding author. Service de Néonatologie et Réanimation Néonatale,
GHSR, BP350, 97448 Saint-Pierre Cedex, France. Tel.: þ33 6 81 48 32 70.

E-mail address: jean-bernard.gouyon@chr-reunion.fr (J.-B. Gouyon).
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Définitions 
 

Extrême prématurité:         < 280/7 sem. 
Grande Prématurité:         280/7 - 316/7 sem. 
Prématurité modérée:         320/7 - 336/7 sem. 
Prématurité tardive:         340/7 SA - 36 6/7 sem. 
 
A terme précoce:          370/7 SA à 386/7 sem. 
 
A terme:             390/7 SA à 416/7 sem. 

 
 

è OMS 2012: « Le	
  déclenchement	
  du	
  travail	
  ou	
  l’accouchement	
  par	
  
césarienne	
  ne	
  devrait	
  pas	
  être	
  prévu	
  avant	
  39	
  semaines	
  achevées	
  sauf	
  
indica&ons	
  médicales.	
  » 

 



Epidemiology of late and moderate preterm birth
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s u m m a r y

Preterm birth affects 12.5% of all births in the USA. Infants of Black mothers are disproportionately
affected, with 1.5 times the risk of preterm birth and 3.4 times the risk of preterm-related mortality. The
preterm birth rate has increased by 33% in the last 25 years, almost entirely due to the rise in late preterm
births (34e36 weeks’ gestation). Recently attention has been given to uncovering the often subtle
morbidity and mortality risks associated with moderate (32e33 weeks’ gestation) and late preterm
delivery, including respiratory, infectious, and neurocognitive complications and infant mortality. This
section summarizes the epidemiology of moderate and late preterm birth, case definitions, risk factors,
recent trends, and the emerging body of knowledge of morbidity and mortality associated with moderate
and late preterm birth.

Published by Elsevier Ltd.

1. Introduction

Preterm birth (<37 weeks gestation) affects approximately one
in eight (12.5% in 2008) of all births in the USA each year.1 Preterm
birth is the most frequent cause of infant mortality, as well as the
leading cause of long term neurologic disabilities in children,
including cerebral palsy and developmental delays. It is estimated
that preterm birth costs the US healthcare system more than $26
billion each year.2 Black infants are disproportionately affected;
infants of non-Hispanic Black women have >1.5 times the risk of
preterm birth and 3.4 times the risk of preterm-related mortality
compared with infants of White mothers.3 Reducing the high
burden of preterm birth, and its associated morbidity, mortality,
and racial disparities, has thus been identified as a public health
priority, as reflected by the 2006 PREEMIE Act,4 the 2007 Institute
of Medicine Report on preterm birth,2 the 2006 Surgeon General’s
conference,5 the 2007 US Department of Health and Human
Services’ public awareness campaign,6 and Healthy People 2010
and 2020 objectives.7

The survival of preterm infants improved greatly in recent
decades, primarily due to advances in clinical management
including neonatal intensive care units (NICUs), paediatric venti-
lators, and use of surfactant and antenatal steroids. Concomitant
with improvements in preterm survival, the preterm birth rate
increased by 33% from 1981 to 2006, almost exclusively due to

a rise in late preterm births (34e36 weeks’ gestation).1,8 Currently,
w72% of all preterm births are due to infants born late preterm and
84% are due to late and moderate (32e33 weeks) preterm
combined (Fig. 1). Although the majority of preterm-related deaths
occur among very preterm infants (<32 weeks’ gestation),
increased attention has recently been given to better under-
standing the reasons for the high rate of late andmoderate preterm
birth, its causes, short and long term sequelae, and opportunities
for prevention. Research is uncovering significant, though often
subtle, increased risks for late preterm infants comparedwith those
born at term (i.e. 39e41weeks’ gestation) for complications at birth
and long term neurodevelopmental problems. Increased knowl-
edge about the epidemiology of these moderate and late preterm
births is critical for informing practices and guidelines related to
the prevention of preterm-related morbidity and mortality.

2. Preterm birth definitions and subcategories

Fetal growth and maturation occur along a continuum
throughout pregnancy. As such, case definitions based on discrete
categories of gestational age may appear somewhat arbitrary.
However, standard categorization of preterm infants based on
gestational age is valuable for assessments of morbidity and
mortality risk, comparisons across populations and research
studies, generating health policy guidelines, and guiding patient
care.9 Generally, preterm birth is defined as birth of an infant at<37
weeks’ completed gestation. However, there has traditionally been
a lack of consensus on standard gestational age categories for
infants born in the period near to term, i.e. from 32 to <37 weeks’

* Corresponding author. Tel.: þ1 770 488 6263; fax: þ1 770 488 6283.
E-mail address: ayn9@cdc.gov (C.K. Shapiro-Mendoza).
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Another large retrospective cohort study using vital statistics
and hospital discharge records in Massachusetts found that
morbidity risk during birth hospitalization among late preterm
infants decreasedwith increasing gestational age.42 Morbidity rates
were similar among infants born between 39 and 41 weeks’
gestation (ranging from 2.5% to 2.8%). However, morbidity rates
approximately doubled for each additional gestational week earlier
than 38 weeks, from 5.9% with morbidities if born at 37 weeks’
gestation to 51.7% morbidity at 34 weeks’ gestation. Importantly,
this study also found that the risk of neonatal morbidity increased
among infants born late preterm if the pregnancy was complicated
by an underlying medical condition, especially for antepartum
haemorrhage and hypertensive disorders of pregnancy.

Because fetal lung maturation is completed late in gestation,
respiratory morbidities are a frequent concern for late and
moderate preterm infants.43,44 In a comprehensive review, Colin
et al. found that infants born 32e36 weeks’ gestation had a greater
risk of respiratory morbidities compared with term infants.43 Rates
of infant deaths due to respiratory distress syndrome have been
found to increase with each week of decreasing gestational age
before 37 weeks (0.06 infant deaths per 1000 live births at 36
weeks, 0.11 at 35 weeks, 0.26 at 34 weeks, 0.44 at 33 weeks, and
3.09 at 28e32 weeks).44

5.3. Late preterm birth and fetal death

Many argue that advances in obstetric practice have led to more
intensive monitoring during pregnancy, which has led to increased
obstetric interventions. It follows that this increase in medical
interventions resulting in early delivery would lead to a decrease in
stillbirths. Some evidence exists to support this argument.45e47

Joseph et al.46 examined US vital records from 1988e1999 to
evaluate the temporal associations between trends in late preterm
births and fetal deaths. The increase in obstetric intervention at
34e36 weeks’ gestation appeared to be temporally associated with
a significant decline in late fetal death rates. Others have examined
similar data and have shown that increases in preterm birth

precipitated by obstetric intervention correlated with a reduction
in perinatal mortality.47 Though more direct assessments are
needed, these associations suggest that the rise in moderate and
late preterm births, perhaps due to increased obstetric interven-
tion, may be conferring some improvement in perinatal
outcomes.14

In summary, late preterm birth accounts for the vast majority
of preterm births in the USA and for the rise in the national
preterm birth rate over the past two decades. Late and moderate
preterm infants are both physiologically and developmentally
immature and have higher risks for morbidity and mortality
compared with infants born at term. Attention to increasing rates
of late preterm births during the last decade have led to several
campaigns aimed at reducing non-medically indicated preterm
births.23,25 It will be important to document the health and
economic impact of these initiatives in the years to come.
Prospective studies will further strengthen our knowledge about
decisions regarding obstetric intervention. We must go beyond
crude measures such as race, ethnicity, and age, and explore the
complex mediators of disparities to further advance identification
of effective prevention strategies.

Fig. 5. Infant mortality rates (per 1000 live births) by gestational age: United States, 2006. Source: United States Department of Health and Human Services (US DHHS), Centers of
Disease Control and Prevention (CDC), National Center for Health Statistics (NCHS), Office of Analysis and Epidemiology (OAE), Division of Vital Statistics (DVS), Linked Birth/Infant
Death Records 2003-2006 on CDC WONDER On-line Database. Accessed at http://wonder.cdc.gov/lbd-current.html on Sep 27, 2011 03:40:20 PM.

Practice points

! Among infants born preterm, 72% are born late
preterm, i.e. at 34 0/7 through 36 6/7 completed weeks’
gestation.

! Although mortality risk declines with increasing gesta-
tional age, even infants born close to term are at
increased risk for mortality.

! Compared with term births, infants born late preterm
experience higher rates of infant morbidity and
mortality, as well as higher risks of childhood
disabilities.

C.K. Shapiro-Mendoza, E.M. Lackritz / Seminars in Fetal & Neonatal Medicine 17 (2012) 120e125124



Naissances très prématurées : dilemmes et
propositions de prise en charge. Première
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28 semaines, identification d’une zone
« grise »
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université Paris Sud 11, Paris, France
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Créteil), Thierry Debillon (Service de médecine néonatale et réanimation infantile, CHU de Grenoble), Pascaline De Dreuzy (équipe mobile de soins
palliatifs, hôpital Necker-Enfants malades, AP–HP, Paris), Michel Dehan (service de réanimation néonatale, hôpital Antoine-Béclère, Clamart),
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gestation. These infants have been grouped by different gestational
categories and identified by different names, such as ‘near term’,
‘late preterm’, ‘marginally preterm’, ‘moderate preterm’, and
‘borderline preterm’. Unfortunately, these terms have not
adequately captured the important implications that these infants
are still premature and vulnerable.9,10 Lack of recognition of
prematurity, and its important physical and neurocognitive
sequelae, could lead to increased comfort with early elective
deliveries, less rigorous newborn assessment, early discharge, or
inadequate monitoring. The 2005 National Institutes of Health
workshop recommended that infants born at 34 0/7 through 36 6/7
weeks’ gestation after the onset of the mother’s last menstrual
period (LMP) be referred to as ‘late preterm’.10 We will use this
definition to define late preterm births in this review and define
infants born at 32 0/7 to 33 6/7 weeks’ gestation as ‘moderate
preterm’.

3. Estimating gestational age

Ensuring accurate and standardized estimation and reporting of
gestational age may often be challenging. Gestational age is
routinely estimated according to the number of weeks’ gestation
after the onset of the mother’s LMP. However, this estimate may be
unreliable and prone to error in maternal recall. The gold standard
for accurate determination of gestational age is first trimester
ultrasound.11 Nevertheless, early ultrasound is currently not rec-
ommended for routine gestational age dating and, in the USA, is
often not reimbursed by public and private payers unless there is
uncertainty about dates. In addition, women who seek prenatal
care late may be less likely to have accurate dating. Inaccurate
determination of gestational age can affect multiple downstream
factors, including estimation of fetal maturity before elective
delivery, clinical and epidemiologic investigations, and program
evaluation.

US birth certificate records are the only source of national data
for surveillance and epidemiologic studies about preterm birth.
Typically, reported gestational age is based on the interval between
the first day of the mother’s LMP and the date of birth.1 When
information on the date of LMP is missing or when the birth weight
is incongruent with the gestational age, the clinical or obstetric
estimate of gestation is used in place of the LMP gestational age

(w5% of all births). This reliance on LMP results in a high
percentage of deliveries in which gestational age is misclassified.
Basso and Wilcox12 reported that preterm births are more likely to
be misclassified than term births. Qin et al.13 found that US preterm
birth rates were lower when gestational age was based on the
clinical estimate or on an LMP/clinical estimate composite
measurement thanwhen it was based on the LMP alone. When Qin
et al.13 applied different data editing methods in an attempt to
correct for misclassification, they found that the increase in
preterm delivery rates from 1990 through 2002 persisted, but was
attenuated.

4. Causes of late and moderate preterm birth

Preterm birth is not a single entity, but a common final outcome
of a heterogeneous collection of underlying maternal and fetal
factors. Approximately two-thirds of all singleton preterm births
are spontaneous, often with no known cause, and approximately
one-third are the result of medical intervention (i.e. medically
indicated) to protect the health of the mother or infant.14 Compli-
cations of pregnancy that lead to both spontaneous and indicated
preterm birth are multiple, complex, and vary according to gesta-
tional age. Although the rates of indicated deliveries remain similar
throughout pregnancy, the medical reasons for intervention vary
according to the changing biological processes and complications
that occur at different periods of gestation. For example, placental
insufficiency becomes increasingly important later in pregnancy
due to the increased demands for oxygen and nutrients during
a crucial period of fetal growth. The risks of some maternal
complications also increase later in pregnancy, such as hyperten-
sion, pre-eclampsia, diabetes, and placenta praevia. Decisions
regarding obstetric interventionmust weigh the risks of continuing
the pregnancy in a suboptimal uterine environment comparedwith
the risks of early delivery. Thus, understanding the risks of
moderate and late preterm birth is critical to informing optimal
clinical decision-making.15,16

5. Epidemiology of preterm birth

Surveillance of preterm birth is essential for informing and
evaluating clinical practices, research, programs, and policies aimed
at reducing infant morbidity and mortality. Surveillance and
epidemiologic analyses can measure the contribution of preterm
birth to infant morbidity and mortality, identify populations at
highest risk, detect changes in obstetric practices, and guide the
development, implementation, and evaluation of programs.17

Increases in the singleton preterm birth rate since 1990 have
been almost entirely due to infants born late preterm (Fig. 2).
During 1990e2006, the late preterm birth rate for singleton births
increased 20.9%, from 6.7% to 8.1%. This rate declined slightly in
2007 and 2008 to 8.0% and 7.8%, respectively. Preliminary data from
2009, the latest year available, suggest that this decline is
continuing.18

Although the reasons for the increasing rates of moderate
preterm and late preterm birth during the last two decades are not
well understood, several theories have been postulated. These
include improved risk assessment and timing formaternal and fetal
disorders, more elective inductions and caesarean sections to
reduce adverse fetal outcomes, increasing maternal age (>35
years), and increasing rates of multiple gestations.10,19,20 Growing
concerns have been raised about more invasive medical manage-
ment without clear indication, driving late preterm and early term
rates due to providers’ concerns about medical malpractice, patient
requests, or even convenience of the family or obstetrician. The
actual prevalence of these practices is unknown. One recent study

Fig. 1. Distribution of preterm births by gestational age: United States, 2008. Source:
Centers for Disease Control and Prevention. National Center for Health Statistics.
VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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Preterm birth affects 12.5% of all births in the USA. Infants of Black mothers are disproportionately
affected, with 1.5 times the risk of preterm birth and 3.4 times the risk of preterm-related mortality. The
preterm birth rate has increased by 33% in the last 25 years, almost entirely due to the rise in late preterm
births (34e36 weeks’ gestation). Recently attention has been given to uncovering the often subtle
morbidity and mortality risks associated with moderate (32e33 weeks’ gestation) and late preterm
delivery, including respiratory, infectious, and neurocognitive complications and infant mortality. This
section summarizes the epidemiology of moderate and late preterm birth, case definitions, risk factors,
recent trends, and the emerging body of knowledge of morbidity and mortality associated with moderate
and late preterm birth.

Published by Elsevier Ltd.

1. Introduction

Preterm birth (<37 weeks gestation) affects approximately one
in eight (12.5% in 2008) of all births in the USA each year.1 Preterm
birth is the most frequent cause of infant mortality, as well as the
leading cause of long term neurologic disabilities in children,
including cerebral palsy and developmental delays. It is estimated
that preterm birth costs the US healthcare system more than $26
billion each year.2 Black infants are disproportionately affected;
infants of non-Hispanic Black women have >1.5 times the risk of
preterm birth and 3.4 times the risk of preterm-related mortality
compared with infants of White mothers.3 Reducing the high
burden of preterm birth, and its associated morbidity, mortality,
and racial disparities, has thus been identified as a public health
priority, as reflected by the 2006 PREEMIE Act,4 the 2007 Institute
of Medicine Report on preterm birth,2 the 2006 Surgeon General’s
conference,5 the 2007 US Department of Health and Human
Services’ public awareness campaign,6 and Healthy People 2010
and 2020 objectives.7

The survival of preterm infants improved greatly in recent
decades, primarily due to advances in clinical management
including neonatal intensive care units (NICUs), paediatric venti-
lators, and use of surfactant and antenatal steroids. Concomitant
with improvements in preterm survival, the preterm birth rate
increased by 33% from 1981 to 2006, almost exclusively due to

a rise in late preterm births (34e36 weeks’ gestation).1,8 Currently,
w72% of all preterm births are due to infants born late preterm and
84% are due to late and moderate (32e33 weeks) preterm
combined (Fig. 1). Although the majority of preterm-related deaths
occur among very preterm infants (<32 weeks’ gestation),
increased attention has recently been given to better under-
standing the reasons for the high rate of late andmoderate preterm
birth, its causes, short and long term sequelae, and opportunities
for prevention. Research is uncovering significant, though often
subtle, increased risks for late preterm infants comparedwith those
born at term (i.e. 39e41weeks’ gestation) for complications at birth
and long term neurodevelopmental problems. Increased knowl-
edge about the epidemiology of these moderate and late preterm
births is critical for informing practices and guidelines related to
the prevention of preterm-related morbidity and mortality.

2. Preterm birth definitions and subcategories

Fetal growth and maturation occur along a continuum
throughout pregnancy. As such, case definitions based on discrete
categories of gestational age may appear somewhat arbitrary.
However, standard categorization of preterm infants based on
gestational age is valuable for assessments of morbidity and
mortality risk, comparisons across populations and research
studies, generating health policy guidelines, and guiding patient
care.9 Generally, preterm birth is defined as birth of an infant at<37
weeks’ completed gestation. However, there has traditionally been
a lack of consensus on standard gestational age categories for
infants born in the period near to term, i.e. from 32 to <37 weeks’
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1. Introduction

Preterm birth (<37 weeks gestation) affects approximately one
in eight (12.5% in 2008) of all births in the USA each year.1 Preterm
birth is the most frequent cause of infant mortality, as well as the
leading cause of long term neurologic disabilities in children,
including cerebral palsy and developmental delays. It is estimated
that preterm birth costs the US healthcare system more than $26
billion each year.2 Black infants are disproportionately affected;
infants of non-Hispanic Black women have >1.5 times the risk of
preterm birth and 3.4 times the risk of preterm-related mortality
compared with infants of White mothers.3 Reducing the high
burden of preterm birth, and its associated morbidity, mortality,
and racial disparities, has thus been identified as a public health
priority, as reflected by the 2006 PREEMIE Act,4 the 2007 Institute
of Medicine Report on preterm birth,2 the 2006 Surgeon General’s
conference,5 the 2007 US Department of Health and Human
Services’ public awareness campaign,6 and Healthy People 2010
and 2020 objectives.7

The survival of preterm infants improved greatly in recent
decades, primarily due to advances in clinical management
including neonatal intensive care units (NICUs), paediatric venti-
lators, and use of surfactant and antenatal steroids. Concomitant
with improvements in preterm survival, the preterm birth rate
increased by 33% from 1981 to 2006, almost exclusively due to

a rise in late preterm births (34e36 weeks’ gestation).1,8 Currently,
w72% of all preterm births are due to infants born late preterm and
84% are due to late and moderate (32e33 weeks) preterm
combined (Fig. 1). Although the majority of preterm-related deaths
occur among very preterm infants (<32 weeks’ gestation),
increased attention has recently been given to better under-
standing the reasons for the high rate of late andmoderate preterm
birth, its causes, short and long term sequelae, and opportunities
for prevention. Research is uncovering significant, though often
subtle, increased risks for late preterm infants comparedwith those
born at term (i.e. 39e41weeks’ gestation) for complications at birth
and long term neurodevelopmental problems. Increased knowl-
edge about the epidemiology of these moderate and late preterm
births is critical for informing practices and guidelines related to
the prevention of preterm-related morbidity and mortality.

2. Preterm birth definitions and subcategories

Fetal growth and maturation occur along a continuum
throughout pregnancy. As such, case definitions based on discrete
categories of gestational age may appear somewhat arbitrary.
However, standard categorization of preterm infants based on
gestational age is valuable for assessments of morbidity and
mortality risk, comparisons across populations and research
studies, generating health policy guidelines, and guiding patient
care.9 Generally, preterm birth is defined as birth of an infant at<37
weeks’ completed gestation. However, there has traditionally been
a lack of consensus on standard gestational age categories for
infants born in the period near to term, i.e. from 32 to <37 weeks’
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reviewed medical records and estimated that more than half of all
late preterm infants delivered by obstetric intervention could be
‘non-evidence based iatrogenic preterm birth’.21 However, cautious
interpretation of this study is warranted, as information on the
indication for the delivery was often missing in the medical
record.22

Concern about the practice of elective induction or caesarean
delivery without medical indication prompted the March of Dimes
to launch a national campaign, ‘Healthy Babies are Worth the
Wait’,23 to raise awareness among patients and providers on the
importance of preventing non-indicated intervention. Also, several
large health insurance groups have moved to limit elective induc-
tions and caesarean sections without medical indication before 39
weeks.24,25 Preliminary results of these programs appear prom-
ising, demonstrating rapid declines in elective inductions and
caesarean section without indication prior to 39 weeks’ gestation,
as well as cost savings due to NICU and hospital stays.25 More
information is needed to determine the extent of changes that have
occurred in clinical practice, or just changes in reporting of indi-
cations. The reduction in US preterm birth rates in 2007e2009, the
reversal of a long term trend in increasing rates, may indicate that
these programs are having a positive impact (Fig. 2).

5.1. Risk factors for moderate and late preterm birth

Multiple maternal and infant characteristics are associated with
spontaneous preterm births, such as multiple gestations, birth
defects, maternal age, and race and ethnicity. Although many of
these variables are not modifiable, knowledge of these risk factors
is important for targeting interventions to those at highest risk.

5.1.1. Multiple gestations
Twins and higher order multiples have elevated rates of late and

moderate preterm birth compared with singletons. Between 1990
and 2008, the rate of singleton infants born late preterm increased
by 14.7%, whereas among multiples the rate increased by 27.4%.26

Much of the increase in multiples is thought to be attributable to
delayed childbirth and increased use of assisted reproductive
technologies (ART).1 The proportion of multiples due to ART is quite
high (w48%),27 but the overall contribution of ART to the national
preterm birth rate is more limited; only about 1% of all US births in

2006 were attributable to ART.27 ART is also associated with
increased risk of preterm birth among singleton births, but it is not
known whether ART or the underlying biological reasons for
infertility increase the risk of preterm birth.28

5.1.2. Congenital malformations
Congenital malformations are associated with increased

preterm birth rates. A US multi-state study from 1995 to 2000
showed that infants born at 32e36 weeks’ gestation hadmore than
a two-fold risk of having congenital malformations than their term
counterparts.29 The risk was five times higher for those born at
earlier gestations.

5.1.3. Maternal age
A U-shaped distribution is observed between maternal age and

late preterm birth (Fig. 3). In 2008, late preterm birth rates were
highest among women of <20 and >35 years of age; women of
20e34 years of age had the lowest preterm rates. A similar pattern
is observed for those born moderately preterm (Fig. 3). Increased
preterm risk among older women may be due to an increased
prevalence of co-morbid conditions such as diabetes and hyper-
tension, as well as higher multiple birth rates and use of ART.27

Among teens, increased preterm risk may be due to biologic
immaturity, lower socioeconomic status, and behavioral risk factors
such as tobacco use.30 The increase in the preterm birth rate since
1990 has been greater for older mothers and less so for teens.8

5.1.4. Race and ethnicity
Preterm birth rates vary for different racial and ethnic groups. In

2008, late preterm birth rates were highest for infants of non-
Hispanic black mothers (11.3%), followed by American Indian or
Alaskan Natives (9.7%), Hispanics (8.8%), non-Hispanic whites
(8.2%) and Asian or Pacific Islanders (7.9%) (Fig. 4). A similar pattern
is observed for moderate preterm births. The reasons for these
racial and ethnic disparities remain poorly understood. Possible
explanations include differences in access to care and quality of
care, social determinants of health including the effects of
psychosocial stress, poverty, and the environment; prevalence of
co-morbidities; and genetic factors.3 Although preterm birth risk
declines with increasing level of maternal education and income,
Black women with a college education still have higher preterm

Fig. 2. Trends in singleton preterm birth rates: United States, final 1990, 1995, 2000, and 2005e2008. Source: Centers for Disease Control and Prevention. National Center for Health
Statistics. VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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1. Introduction

Preterm birth (<37 weeks gestation) affects approximately one
in eight (12.5% in 2008) of all births in the USA each year.1 Preterm
birth is the most frequent cause of infant mortality, as well as the
leading cause of long term neurologic disabilities in children,
including cerebral palsy and developmental delays. It is estimated
that preterm birth costs the US healthcare system more than $26
billion each year.2 Black infants are disproportionately affected;
infants of non-Hispanic Black women have >1.5 times the risk of
preterm birth and 3.4 times the risk of preterm-related mortality
compared with infants of White mothers.3 Reducing the high
burden of preterm birth, and its associated morbidity, mortality,
and racial disparities, has thus been identified as a public health
priority, as reflected by the 2006 PREEMIE Act,4 the 2007 Institute
of Medicine Report on preterm birth,2 the 2006 Surgeon General’s
conference,5 the 2007 US Department of Health and Human
Services’ public awareness campaign,6 and Healthy People 2010
and 2020 objectives.7

The survival of preterm infants improved greatly in recent
decades, primarily due to advances in clinical management
including neonatal intensive care units (NICUs), paediatric venti-
lators, and use of surfactant and antenatal steroids. Concomitant
with improvements in preterm survival, the preterm birth rate
increased by 33% from 1981 to 2006, almost exclusively due to

a rise in late preterm births (34e36 weeks’ gestation).1,8 Currently,
w72% of all preterm births are due to infants born late preterm and
84% are due to late and moderate (32e33 weeks) preterm
combined (Fig. 1). Although the majority of preterm-related deaths
occur among very preterm infants (<32 weeks’ gestation),
increased attention has recently been given to better under-
standing the reasons for the high rate of late andmoderate preterm
birth, its causes, short and long term sequelae, and opportunities
for prevention. Research is uncovering significant, though often
subtle, increased risks for late preterm infants comparedwith those
born at term (i.e. 39e41weeks’ gestation) for complications at birth
and long term neurodevelopmental problems. Increased knowl-
edge about the epidemiology of these moderate and late preterm
births is critical for informing practices and guidelines related to
the prevention of preterm-related morbidity and mortality.

2. Preterm birth definitions and subcategories

Fetal growth and maturation occur along a continuum
throughout pregnancy. As such, case definitions based on discrete
categories of gestational age may appear somewhat arbitrary.
However, standard categorization of preterm infants based on
gestational age is valuable for assessments of morbidity and
mortality risk, comparisons across populations and research
studies, generating health policy guidelines, and guiding patient
care.9 Generally, preterm birth is defined as birth of an infant at<37
weeks’ completed gestation. However, there has traditionally been
a lack of consensus on standard gestational age categories for
infants born in the period near to term, i.e. from 32 to <37 weeks’
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birth rates than White women with a college education.31 Despite
social and economic disadvantages, Hispanic women tend to have
a lower risk of preterm birth compared with Black women, often
termed the ‘Hispanic paradox’.32 Reasons for disparities in late
preterm birth and preterm-related mortality for non-Hispanic
blacks, American Indian or Alaskan Natives, adolescent, and older
mothers have not been fully elucidated and represent a critical area
for research.

5.2. Morbidity and mortality rates

Risk of infant morbidity and mortality declines dramatically
with increasing gestational age up until term and then increases
again post-term.33 Understanding which infants are at greatest risk
for morbidity and mortality can assist providers in anticipating
potential complications and with successful management, early
intervention, and follow-up.19 During the last decade, studies have
shown consistently that late preterm infants are at higher risk than
term infants for a number of neonatal complications including
respiratory distress requiring ventilation, transient tachypnea of

the newborn, intraventricular hemorrhage, bacterial sepsis,
apnoea, hypoglycemia, temperature instability, jaundice and
hyperbilirubinaemia, feeding problems, neonatal intensive care
admission, and even death.34e36 Although moderate and late
preterm birth is associated with increased neonatal complications,
it is important to note that the direction of causality remains
unclear. Preterm delivery may cause adverse infant outcomes, or
the medical indications leading to the need for the preterm
delivery, such as intrauterine growth restriction or fetal anomalies,
may be the cause of the adverse outcomes. A growing body of
evidence suggests that infants born late andmoderate preterm also
have higher risks of later childhood morbidity and disability,
including cerebral palsy, poor school performance, early interven-
tion services, special education needs, and asthma.37e41

Infant mortality rates are highest among the most preterm
infants (Fig. 5). During 2006e2008 infants born <28 weeks’
gestation had by far the highest infant mortality rate (378.2 per
1000 live births), whereas infants born at 39e41 weeks had the
lowest mortality rates (2.1 per 1000 live births). It is important to
note that mortality risk continues to decline up to 39e41 weeks’
gestation, including those born late preterm (7.1 per 1000 live
births) and moderate preterm (16.2 per 1000 live). Infants born at
32e33 and 34e36 weeks’ gestation have, respectively, w8 and 3
times the rate of infant mortality compared with their term
counterparts.

Several studies have attempted to examine neonatal compli-
cations and mortality by underlying factors resulting in preterm
birth. Using 2001 US vital statistics data, Chen et al.15 compared
neonatal mortality risk by preterm birth subcategory (i.e. spon-
taneous preterm birth with intact fetal membranes, preterm
premature rupture of membranes before labor onset, and indi-
cated preterm birth). Compared with spontaneous preterm
deliveries, late and moderate preterm infants delivered for
medical indications had twice the risk of neonatal death. In
another study restricted to late preterm births, Reddy et al.16 re-
ported similar findings. Deliveries with recorded obstetric
complications (e.g. polyhydramnios, oligohydramnios, incompe-
tent cervix, cord prolapse, fetal distress) had at least twice the risk
of neonatal and infant mortality compared with deliveries with no
recorded indication.

Fig. 4. Percent of live births born moderate and late preterm by maternal race and
Hispanic origin: United States, 2008. Source: Centers for Disease Control and Preven-
tion. National Center for Health Statistics. VitalStats. http://www.cdc.gov/nchs/
vitalstats.htm. [August 26, 2011].

Fig. 3. Percent of live births born moderate and late preterm by maternal age: United States, 2008. Source: Centers for Disease Control and Prevention. National Center for Health
Statistics. VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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s u m m a r y

Preterm birth affects 12.5% of all births in the USA. Infants of Black mothers are disproportionately
affected, with 1.5 times the risk of preterm birth and 3.4 times the risk of preterm-related mortality. The
preterm birth rate has increased by 33% in the last 25 years, almost entirely due to the rise in late preterm
births (34e36 weeks’ gestation). Recently attention has been given to uncovering the often subtle
morbidity and mortality risks associated with moderate (32e33 weeks’ gestation) and late preterm
delivery, including respiratory, infectious, and neurocognitive complications and infant mortality. This
section summarizes the epidemiology of moderate and late preterm birth, case definitions, risk factors,
recent trends, and the emerging body of knowledge of morbidity and mortality associated with moderate
and late preterm birth.

Published by Elsevier Ltd.

1. Introduction

Preterm birth (<37 weeks gestation) affects approximately one
in eight (12.5% in 2008) of all births in the USA each year.1 Preterm
birth is the most frequent cause of infant mortality, as well as the
leading cause of long term neurologic disabilities in children,
including cerebral palsy and developmental delays. It is estimated
that preterm birth costs the US healthcare system more than $26
billion each year.2 Black infants are disproportionately affected;
infants of non-Hispanic Black women have >1.5 times the risk of
preterm birth and 3.4 times the risk of preterm-related mortality
compared with infants of White mothers.3 Reducing the high
burden of preterm birth, and its associated morbidity, mortality,
and racial disparities, has thus been identified as a public health
priority, as reflected by the 2006 PREEMIE Act,4 the 2007 Institute
of Medicine Report on preterm birth,2 the 2006 Surgeon General’s
conference,5 the 2007 US Department of Health and Human
Services’ public awareness campaign,6 and Healthy People 2010
and 2020 objectives.7

The survival of preterm infants improved greatly in recent
decades, primarily due to advances in clinical management
including neonatal intensive care units (NICUs), paediatric venti-
lators, and use of surfactant and antenatal steroids. Concomitant
with improvements in preterm survival, the preterm birth rate
increased by 33% from 1981 to 2006, almost exclusively due to

a rise in late preterm births (34e36 weeks’ gestation).1,8 Currently,
w72% of all preterm births are due to infants born late preterm and
84% are due to late and moderate (32e33 weeks) preterm
combined (Fig. 1). Although the majority of preterm-related deaths
occur among very preterm infants (<32 weeks’ gestation),
increased attention has recently been given to better under-
standing the reasons for the high rate of late andmoderate preterm
birth, its causes, short and long term sequelae, and opportunities
for prevention. Research is uncovering significant, though often
subtle, increased risks for late preterm infants comparedwith those
born at term (i.e. 39e41weeks’ gestation) for complications at birth
and long term neurodevelopmental problems. Increased knowl-
edge about the epidemiology of these moderate and late preterm
births is critical for informing practices and guidelines related to
the prevention of preterm-related morbidity and mortality.

2. Preterm birth definitions and subcategories

Fetal growth and maturation occur along a continuum
throughout pregnancy. As such, case definitions based on discrete
categories of gestational age may appear somewhat arbitrary.
However, standard categorization of preterm infants based on
gestational age is valuable for assessments of morbidity and
mortality risk, comparisons across populations and research
studies, generating health policy guidelines, and guiding patient
care.9 Generally, preterm birth is defined as birth of an infant at<37
weeks’ completed gestation. However, there has traditionally been
a lack of consensus on standard gestational age categories for
infants born in the period near to term, i.e. from 32 to <37 weeks’
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birth rates than White women with a college education.31 Despite
social and economic disadvantages, Hispanic women tend to have
a lower risk of preterm birth compared with Black women, often
termed the ‘Hispanic paradox’.32 Reasons for disparities in late
preterm birth and preterm-related mortality for non-Hispanic
blacks, American Indian or Alaskan Natives, adolescent, and older
mothers have not been fully elucidated and represent a critical area
for research.

5.2. Morbidity and mortality rates

Risk of infant morbidity and mortality declines dramatically
with increasing gestational age up until term and then increases
again post-term.33 Understanding which infants are at greatest risk
for morbidity and mortality can assist providers in anticipating
potential complications and with successful management, early
intervention, and follow-up.19 During the last decade, studies have
shown consistently that late preterm infants are at higher risk than
term infants for a number of neonatal complications including
respiratory distress requiring ventilation, transient tachypnea of

the newborn, intraventricular hemorrhage, bacterial sepsis,
apnoea, hypoglycemia, temperature instability, jaundice and
hyperbilirubinaemia, feeding problems, neonatal intensive care
admission, and even death.34e36 Although moderate and late
preterm birth is associated with increased neonatal complications,
it is important to note that the direction of causality remains
unclear. Preterm delivery may cause adverse infant outcomes, or
the medical indications leading to the need for the preterm
delivery, such as intrauterine growth restriction or fetal anomalies,
may be the cause of the adverse outcomes. A growing body of
evidence suggests that infants born late andmoderate preterm also
have higher risks of later childhood morbidity and disability,
including cerebral palsy, poor school performance, early interven-
tion services, special education needs, and asthma.37e41

Infant mortality rates are highest among the most preterm
infants (Fig. 5). During 2006e2008 infants born <28 weeks’
gestation had by far the highest infant mortality rate (378.2 per
1000 live births), whereas infants born at 39e41 weeks had the
lowest mortality rates (2.1 per 1000 live births). It is important to
note that mortality risk continues to decline up to 39e41 weeks’
gestation, including those born late preterm (7.1 per 1000 live
births) and moderate preterm (16.2 per 1000 live). Infants born at
32e33 and 34e36 weeks’ gestation have, respectively, w8 and 3
times the rate of infant mortality compared with their term
counterparts.

Several studies have attempted to examine neonatal compli-
cations and mortality by underlying factors resulting in preterm
birth. Using 2001 US vital statistics data, Chen et al.15 compared
neonatal mortality risk by preterm birth subcategory (i.e. spon-
taneous preterm birth with intact fetal membranes, preterm
premature rupture of membranes before labor onset, and indi-
cated preterm birth). Compared with spontaneous preterm
deliveries, late and moderate preterm infants delivered for
medical indications had twice the risk of neonatal death. In
another study restricted to late preterm births, Reddy et al.16 re-
ported similar findings. Deliveries with recorded obstetric
complications (e.g. polyhydramnios, oligohydramnios, incompe-
tent cervix, cord prolapse, fetal distress) had at least twice the risk
of neonatal and infant mortality compared with deliveries with no
recorded indication.

Fig. 4. Percent of live births born moderate and late preterm by maternal race and
Hispanic origin: United States, 2008. Source: Centers for Disease Control and Preven-
tion. National Center for Health Statistics. VitalStats. http://www.cdc.gov/nchs/
vitalstats.htm. [August 26, 2011].

Fig. 3. Percent of live births born moderate and late preterm by maternal age: United States, 2008. Source: Centers for Disease Control and Prevention. National Center for Health
Statistics. VitalStats. http://www.cdc.gov/nchs/vitalstats.htm. [August 26, 2011].
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s u m m a r y

A large number of children (6 to 11% of all births) are born at a gestational age between 32 and 36 weeks.
Little is known of long term outcomes for these moderate and late preterm children. In this review,
results of 28 studies on school outcome, cognitive functioning, behaviour problems, and psychiatric
disorders are presented. Overall, more school problems, less advanced cognitive functioning, more
behaviour problems, and higher prevalence of psychiatric disorders were found in moderate and late
preterm born infants, children, and adults compared with full term peers. Suggestions for future research
are discussed.

! 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Many infants are born too soon and therefore are at risk for
developmental problems. In 2007, 10.7% of all children in the USA
(6.1% in The Netherlands1) were born at a gestational age between
32 and 36 weeks, i.e. moderate (32e33 weeks) and late (34e36
weeks) preterm.2 This entails 84% of all preterm births. During
the last two decades, the number of preterm births increased by
almost 25%, with a 4% increase in very preterm births (i.e. below 32
weeks’ gestation) versus a 30% increase in moderate and late
preterm births.2 Hence, the number of children in this group
especially has increased over the last 20 years. Although mortality
rates are much lower (7.5 times) in these children than in very
preterm children, these rates are almost 10 times higher than in full
term children.3 With respect to neonatal complications, moderate
and late preterm infants experience fewer illnesses than very
preterm infants, but they are at elevated risk for breathing and
feeding difficulties, hypoglycaemia, and hyperbilirubinaemia
compared with full term infants.4 Another risk factor results from
the fact that the brain of moderate and late preterm children is still
immature; at 34 weeks of gestation, the brain weighs only 65% of
the weight at 40 weeks of gestation.5 Despite the high prevalence
and increasedmedical risk of moderate and late preterm birth, little
is known of long-term developmental outcomes of these children.
In this review the available information on school outcome,
cognitive functioning, behaviour problems, and psychiatric

disorders of infants, children, and adults born moderate or late
preterm is presented.

2. Method

2.1. Search strategy and study selection

The Scopus database was searched until 23 June 2011, using the
terms: ‘late preterm’, ‘moderately preterm’, and ‘moderate
preterm’. In addition, reference lists of selected articles were
examined to find additional studies.

Studies were included if: (i) these were published after 1
January 2000; (ii) gestational age of participants was between 32
and 36þ6 weeks; and (iii) these investigated school outcome,
cognitive functioning, behaviour problems or psychiatric disorders.

3. Results

3.1. Included studies

The three search terms resulted in 485 hits. Based on title and
abstract, 449 studies were excluded. Thirty-six articles were read
full text and 16 of these were excluded because outcome measures
were beyond the scope of this review (n ¼ 11) or because the
studies did not concern empirical data collection and analyses
(n ¼ 5). In four of the included studies, gestational age of the
participants differed slightly from our inclusion criterion (i.e.
selected 31 and/or 37 weeks of gestation).6e9 Nevertheless, we
decided to include these studies as most participants fell in our
defined range of gestational age. An additional eight papers were
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1. Introduction

Many infants are born too soon and therefore are at risk for
developmental problems. In 2007, 10.7% of all children in the USA
(6.1% in The Netherlands1) were born at a gestational age between
32 and 36 weeks, i.e. moderate (32e33 weeks) and late (34e36
weeks) preterm.2 This entails 84% of all preterm births. During
the last two decades, the number of preterm births increased by
almost 25%, with a 4% increase in very preterm births (i.e. below 32
weeks’ gestation) versus a 30% increase in moderate and late
preterm births.2 Hence, the number of children in this group
especially has increased over the last 20 years. Although mortality
rates are much lower (7.5 times) in these children than in very
preterm children, these rates are almost 10 times higher than in full
term children.3 With respect to neonatal complications, moderate
and late preterm infants experience fewer illnesses than very
preterm infants, but they are at elevated risk for breathing and
feeding difficulties, hypoglycaemia, and hyperbilirubinaemia
compared with full term infants.4 Another risk factor results from
the fact that the brain of moderate and late preterm children is still
immature; at 34 weeks of gestation, the brain weighs only 65% of
the weight at 40 weeks of gestation.5 Despite the high prevalence
and increasedmedical risk of moderate and late preterm birth, little
is known of long-term developmental outcomes of these children.
In this review the available information on school outcome,
cognitive functioning, behaviour problems, and psychiatric

disorders of infants, children, and adults born moderate or late
preterm is presented.

2. Method

2.1. Search strategy and study selection

The Scopus database was searched until 23 June 2011, using the
terms: ‘late preterm’, ‘moderately preterm’, and ‘moderate
preterm’. In addition, reference lists of selected articles were
examined to find additional studies.

Studies were included if: (i) these were published after 1
January 2000; (ii) gestational age of participants was between 32
and 36þ6 weeks; and (iii) these investigated school outcome,
cognitive functioning, behaviour problems or psychiatric disorders.

3. Results

3.1. Included studies

The three search terms resulted in 485 hits. Based on title and
abstract, 449 studies were excluded. Thirty-six articles were read
full text and 16 of these were excluded because outcome measures
were beyond the scope of this review (n ¼ 11) or because the
studies did not concern empirical data collection and analyses
(n ¼ 5). In four of the included studies, gestational age of the
participants differed slightly from our inclusion criterion (i.e.
selected 31 and/or 37 weeks of gestation).6e9 Nevertheless, we
decided to include these studies as most participants fell in our
defined range of gestational age. An additional eight papers were
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  modérée	
  (ORa:	
  3,0	
  (IC95%:	
  1,4	
  –	
  6,2))	
  
-­‐  Prématurité	
  tardive	
  (ORa:	
  1,9	
  (IC95%:	
  1,3	
  –	
  2,7)	
  

Mortalité	
  accrue	
  de	
  la	
  prématurité	
  modérée	
  /	
  tardive	
  (Crump	
  et	
  al.	
  JAMA	
  2011;306:1233)	
  
	
  
-­‐  674	
  820	
  singletons	
  nés	
  entre	
  1973	
  et	
  1979	
  (22	
  590	
  prématurités	
  tardives)	
  
	
  
-­‐  Mortalité	
  accrue	
  (jusqu’à	
  36	
  ans):	
  	
  ORa	
  =	
  	
  1,31	
  (IC95%:	
  1,13	
  –	
  1,5)	
  
	
  
-­‐  Les	
  principaux	
  facteurs	
  de	
  risque	
  sont:	
  les	
  malforma&ons	
  congénitales	
  et	
  les	
  maladies	
  cardio-­‐vasculaires,	
  	
  
respiratoires,	
  endocriniennes.	
  
	
  

5. Longstanding illness

A large longitudinal study of all births in Norway between 1967
and 1983 showed that those born late preterm had an increased
risk of major disabilities that included epilepsy and visual and
hearing impairments.34 As adults, they were more likely to expe-
rience disability affecting their work capacity. Advances in
obstetric, neonatal and paediatric care since the birth of these
children may mean that these findings are less relevant today.
However, more recent data from the Millennium Cohort Study
showed that longstanding illness at 3 and 5 years was more
common in children bornmoderate or late preterm than those born
at full term and that their illness was more likely to limit their
activities.9 Parents of the children born pretermweremore likely to
report their child’s health as being poor than those with term-born
children. There has been only one study assessing health-related
quality of life in children born at 32e36 weeks of gestation.35

This study included 362 pre-school children and showed lower
health-related quality of life scores for lung problems in those who
had received continuous positive airway pressure in the neonatal
period.

6. Mortality

A number of studies have consistently reported increased
mortality during the neonatal period in infants born moderate and
late preterm,36e39 but until recently there have been no published
data specifically addressing the relationship between gestational
age at birth and later mortality. A national cohort study in Sweden
of 674 820 singletons, born between 1973 and 1979, recently re-
ported a gradient of increasing mortality with decreasing gesta-
tion.40 The study included 22 590 late preterm infants, and birth
between 34 and 36 weeks was associated with increased mortality
in early childhood (age 1e5 years) and young adulthood (aged
18e36 years). The adjusted hazard ratio for all-cause mortality in
the late preterm group compared with the 37e42 week gestation
group was 1.31 (95% CI: 1.13e1.5). There was a non-significant
association between late preterm birth and mortality in late
childhood and adolescence. The strongest associations with
mortality in adulthood were congenital anomalies, respiratory,
endocrine and cardiovascular disorders; no association was found
with mortality from neurological disorders, cancer or injury.
Sensitivity analyses showed that the association was not explained
by congenital anomalies.

7. Influences on health outcomes in moderate and late
preterm infants

Despite a recent increase in interest in moderate and late
preterm birth, considerably less is known about the long term
risks associated with birth at more mature preterm gestations
compared with those of very preterm birth. Nevertheless,
although sparse, much of the available information to date points
to worse outcomes in this group than in individuals born at term.
Also poorly understood are the factors leading to birth at 32e36
weeks of gestation and those influencing long term health in
infants, children and adults. Such influences may originate before
or during pregnancy, in the perinatal or neonatal period or during
childhood. In deciding to what extent outcomes are due to
prematurity per se, many other factors must be considered. Infants
with congenital anomalies and multiple births commonly deliver
spontaneously at moderate and late preterm gestations. In addi-
tion, obstetric concerns about either maternal or fetal condition
often lead to medically indicated deliveries during this period of
gestation. Obstetric decision-making with respect to indications

for delivery, timing of delivery and mode of delivery may therefore
influence outcomes. During the neonatal period place of care,
discharge policies and duration of postnatal hospitalisation vary
and the consequences of this variation have not been fully
explored. Following discharge, parental education and family
lifestyle are other factors that may potentially affect longer term
health outcomes in these infants. Many of these are inextricably
linked and their relative contributions to infant and child health
outcomes remain to be disentangled.

8. Implications for provision of children’s health care services

Reasons for preterm birth at 32e36 weeks of gestation are not
always clearly understood, but a recent small decrease in the rates
of late preterm birth suggests that strategies for reducing avoidable
births at these gestations may be having some success. Despite this,
moderate and late preterm births continue to represent >75% of all
preterm births. Emerging evidence about health outcomes in these
infants appears to mirror reports of worse neurodevelopmental
and educational outcomes, although contemporary and prospec-
tive data remain limited. Poor health in large numbers of infants
and children is likely to have a substantial impact on primary care
and public health services. Many preterm infants born at !32
weeks do not receive follow-up or surveillance for their health care
or developmental needs. Now that these children are increasingly
being highlighted as a group at greater risk than has previously
been appreciated, it is important to ensure that their ongoing
health care needs are being adequately met. Reports of adverse
outcomes have led to many calls for routine follow-up in this group
until at least 18 months of age.41e43 Such a strategy would have
important financial and logistic implications for the provision of
health care services for children. Further work is required to
identify those at greatest risk of poor health outcomes in order to
allow appropriate and, if possible, targeted follow-up in children
born moderate or late preterm.

Research directions

Contemporary prospective longitudinal studies are needed
to:

" clarify long term outcomes of moderate and late
preterm infants;

" identify risk factors and predictors for poor health
outcomes in children born moderate or late preterm;

" determine appropriate follow-up strategies for infants
born at moderate and late preterm gestations.

Practice points

" Children born moderate or late preterm are more likely
to be admitted to hospital in infancy and childhood than
those born at full term.

" Children born moderate or late preterm may be more
susceptible to respiratory disease than those born at
full term.

" Large numbers of moderate and late preterm infants
mean that the impact of this group on health care
services may be substantial.
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Suivi	
  des	
  prématurés	
  tardifs	
  et	
  modérés	
  	
  
	
  
-­‐  Indispensable	
  
	
  
-­‐  Programmes	
  de	
  suivi	
  et	
  d’interven&on	
  ciblés	
  sur	
  les	
  troubles	
  de	
  l’asen&on	
  
	
  
-­‐  Apport	
  des	
  structures	
  dédiées	
  (CAMPS	
  …)	
  

Ques:ons	
  à	
  résoudre	
  	
  
	
  
-­‐  Facteurs	
  de	
  risque	
  surajoutés	
  à	
  la	
  prématurité:	
  mécanismes	
  de	
  la	
  prématurité;	
  

traitements;	
  soins	
  et	
  pra&ques	
  de	
  soins	
  («	
  soins	
  de	
  développement	
  »).	
  
	
  
-­‐  Différences	
  selon	
  l’âge	
  gesta&onnel	
  

-­‐  Conséquences	
  à	
  l’âge	
  adulte	
  

Conséquences	
  Pra:ques	
  pour	
  le	
  Suivi	
  de	
  la	
  Prématurité	
  Modérée	
  et	
  Tardive	
  



LES	
  MOYENS	
  D’ESTIMATION	
  DE	
  L’ETAT	
  DE	
  SANTE	
  DES	
  MERES	
  ET	
  DES	
  ENFANTS	
  
	
  

Localement	
  
	
  

Généralement	
  



FIABILITE	
  DU	
  PMSI	
  NATIONAL	
  POUR	
  RECUEILLIR	
  DES	
  INDICATEURS	
  DE	
  SANTE	
  EN	
  PERINATALITE	
  
	
  
Quan&n	
  C	
  et	
  coll.	
  
J	
  Gynecol	
  Obstet	
  Biol	
  Reprod	
  (Paris).	
  2013	
  Oct	
  14	
  
	
  
	
  
	
  
	
  
ANNEE	
  2010	
  
	
  
-­‐  Enquête	
  na&onale	
  périnatale	
  (n	
  =	
  15	
  000)	
  =	
  référence	
  

-­‐  Etat	
  civil	
  =	
  référence	
  
	
  
-­‐  	
  PMSI	
  na&onal	
  (n	
  =	
  829	
  351	
  naissances	
  vivantes)	
  =	
  BDD	
  évaluée	
  



PMSI – Poids de naissance 

	
  	
   PMSI	
  2010	
   Enquête	
  périnatale	
  2010	
  

%	
   %	
  

<=	
  499	
  g	
   0,2	
   0,1	
  [0,0	
  -­‐	
  0,2]	
  

500-­‐999	
  g	
   0,6	
   0,6	
  [	
  0,5	
  -­‐	
  0,7]	
  

1000-­‐1499	
  g	
   0,6	
   0,7	
  [0,6	
  -­‐	
  0,8]	
  

1500-­‐1999	
  g	
   1,3	
   1,4	
  [1,2	
  -­‐1,6]	
  

2000-­‐2499	
  g	
   4,7	
   4,4	
  [4,1	
  -­‐	
  4,7]	
  

2500-­‐2999	
  g	
   19,7	
   19,5	
  [18,9	
  -­‐	
  20,2]	
  

3000-­‐3499	
  g	
   40,2	
   40,4	
  [39,6	
  -­‐	
  41,2]	
  

3500-­‐3999	
  g	
   25,8	
   26,0	
  [25,3	
  -­‐	
  26,7]	
  

4000-­‐4499	
  g	
   6,2	
   6,3	
  [5,9	
  -­‐	
  6,7]	
  

>=	
  4500	
  g	
   0,8	
   0,7	
  [	
  0,6	
  -­‐	
  0,8]	
  



  Métropole   GGR (1)   DOM 
 PMSI (2) ENP  PMSI (2) ENP  PMSI (2) 
  % % [IC à 95 %]   % % [IC à 95 %]   % 
        
Hospitalisation prénatale 19,9 18,8 [18,1 - 19,4]  27,6 27,7 [23,7 - 31,6]  27,8 
        
Pathologies maternelles        

HTA (3) 3,9 5,2 [4,9 – 5,6]  7,4 9,3 [6,8 - 11,9]  7,4 
Diabète (4) 6,4 7,5 [7,1 – 7,9]  7,1 6,6 [4,4 - 8,7]  6,8 
Menace d'accouchement prématuré (5) 5,5 6,5 [6,1 - 6,9]  7,6 10,8 [8,1 - 13,6]  8,1 
Hémorragie de la grossesse (6) 1,4 1,7 [1,4 – 1,9]  1,6 2,2 [0,9 – 3,5]  1,6 
Rupture prématurée des membranes (7) 10,0 10,5 [10,0 - 11,0]  9,5 10,6 [7,9 - 13,3]  9,7 
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PMSI - Nouveau-nés 

2	
  010	
  
	
  

Enquête	
  périnatale	
  2010	
  
	
  

Nb	
  de	
  naissances	
   798	
  663	
  	
  

Etat	
  à	
  la	
  naissance	
   	
  	
   	
  	
  

Vivant	
   792	
  867	
  
(99,28%)	
  *	
   99,1%	
  [98,9	
  -­‐	
  99,3]	
  

Mort-­‐né	
   5	
  730	
  (0,72%)	
   0,6%	
  [0,4	
  –	
  0,7]	
  

Sexe	
   	
  	
   	
  	
  

Garçon	
   409	
  696	
  
(51,3%)	
   52,3%	
  [51,5	
  -­‐	
  53,1]	
  

Fille	
   388	
  967	
  
(48,7%)	
   47,7%	
  [46,9	
  -­‐	
  48,5]	
  

Poids	
   	
  	
   	
  	
  
<2500g 7,3%	
   7,1%	
  [6,7	
  -­‐7,5]	
  
>=	
  2500g 92,7%	
   92,9%	
  [92,2	
  -­‐	
  93,0]	
  

*	
  Données	
  état	
  civil	
  :	
  832	
  800	
  naissances	
  vivantes	
  (soit	
  4,8%	
  en	
  moins)	
  



•  Résultats	
  :	
  823	
  360	
  RSS	
  avec	
  accouchement	
  et	
  829	
  351	
  avec	
  
naissance	
  vivante	
  ont	
  été	
  comptabilisés.	
  L’exhaus&vité	
  du	
  
PMSI	
  était	
  de	
  99,6%	
  pour	
  les	
  naissances	
  vivantes	
  en	
  
métropole.	
  

•  Les	
  distribu&ons	
  de	
  l’âge	
  maternel,	
  du	
  mode	
  d’accouchement,	
  
du	
  poids	
  de	
  naissance	
  et	
  de	
  l’âge	
  gesta&onnel,	
  étaient	
  très	
  
voisines	
  dans	
  le	
  PMSI	
  et	
  l’ENP.	
  En	
  métropole,	
  le	
  taux	
  de	
  
prématurité	
  était	
  de	
  6,9%	
  (PMSI)	
  vs	
  6,6%	
  [6,2-­‐7,0]	
  (ENP)	
  et	
  le	
  
taux	
  de	
  césarienne	
  de	
  20,6%	
  vs	
  20,4%	
  [19,8-­‐21,1].	
  Les	
  
différences	
  pour	
  le	
  poids<2500g	
  et	
  les	
  pathologies	
  maternelles	
  
étaient	
  plus	
  marquées.	
  

	
  



Comparaison de la distribution des âges gestationnels dans le PMSI en France 
métropolitaine et dans les DOM: année 2010 
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LES	
  ENQUÊTES	
  ET	
  REGISTRES	
  LOCAUX	
  
	
  
	
  

-­‐  EVALUATION	
  DES	
  PRATIQUES	
  /	
  COMPARAISONS	
  
	
  

-­‐  INTERÊT	
  EPIDEMIOLOGIQUE	
  LIMITE	
  (SANTE	
  PUBLIQUE)	
  



EXEMPLES	
  DE	
  COMPARAISONS	
  	
  DE	
  LA	
  BASE	
  DE	
  DONNÉES	
  PÉRINATALES	
  	
  DU	
  SUD	
  REUNION	
  
A	
  L’ENQUÊTE	
  NATIONALE	
  PERINATALE	
  	
  2010	
  (ENP	
  2010)	
  

Gr.	
  sous	
  insuline	
   1,7	
  %	
   3,6	
  %	
  

Surpoids	
  
(IMC	
  de	
  25	
  à	
  29,9	
  kg/
m2)	
  

17,3	
  %	
   37,3	
  %	
  

Obèse	
  
(IMC	
  >	
  30	
  kg/m2)	
  

9,9	
  %	
   15,5	
  %	
  

Déclenchements	
   22,6	
  %	
   19,7	
  %	
  

Taux	
  Cs	
   21	
  %	
   16,7%	
  

ENP	
  (2010)	
   SUD	
  REUNION	
  
(2010)	
  

Age	
  mères	
  (ans)	
   29,7	
  +/-­‐	
  5,3	
   27,6	
  	
  

Grossesses	
  jeunes	
   <	
  20	
  ans:	
  2,5	
  %	
   <	
  18	
  ans	
  :	
  4,2	
  %	
  

%	
  gdes	
  mul&pares	
  	
   >	
  4:	
  2,8	
  %	
   >	
  5:	
  6,2	
  %	
  

Diabète	
  avant	
  /	
  pdt	
  
Gr.	
  

0,3	
  /	
  7,2	
  %	
   1,2	
  /	
  7,5	
  %	
  



Gde	
  Prématurité	
   <	
  31	
  SA:	
  1,5	
  %	
   <	
  33	
  SA:	
  2%	
  

Apgar	
   <	
  5	
  à	
  5	
  min:	
  0,3	
  %	
   <	
  5	
  à	
  1	
  min:	
  4,6	
  %	
  

ENP	
  (2010)	
   SUD	
  REUNION	
  
(2012)	
  

Poids	
  naissance	
  
(g)	
  

3254	
  +/-­‐	
  568	
   3091	
  

PN	
  <	
  2500	
  g	
   7,1	
  %	
   10,9	
  %	
  

PN	
  <	
  1500	
  g	
   1,4	
  %	
   1,5	
  %	
  

<	
  37	
  SA	
   7,4	
  %	
   9,6	
  %	
  

EXEMPLES	
  DE	
  COMPARAISONS	
  	
  DE	
  LA	
  BASE	
  DE	
  DONNÉES	
  PÉRINATALES	
  	
  DU	
  SUD	
  REUNION	
  
A	
  L’ENQUÊTE	
  NATIONALE	
  PERINATALE	
  	
  2010	
  (ENP	
  2010)	
  



Sud	
  Reunion	
   Autres	
  sites	
  

Accouchements	
   5349	
   8768	
  

Naissances	
  
vivantes	
  

5397	
   8857	
  

garçons	
   51,2%	
   50,%	
  

prématurité	
   9,8%	
   10,2%	
  

Naissance	
  NIII	
   77,1%	
   27,2%	
  

Césarienne	
   16,4%	
   20,8%	
  

MERES	
  

HTA	
   7,8%	
   5,9%	
  

RPM	
   13,1%	
   9,0%	
  



CONCLUSION	
  
	
  
	
  

1-­‐	
  La	
  Prématurité	
  
	
  

2-­‐	
  La	
  Prématurité	
  Modérée	
  et	
  Tardive	
  
	
  

3-­‐	
  L’épidémiologie	
  
	
  

4-­‐	
  L’évalua&on	
  des	
  pra&ques	
  


