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A B S T R A C T

Background: Late preterm infants (LPI) have a higher risk of developmental delay (DD) than term-born infants.
The association of perinatal complications with specific morbidity is not clear.
Aim: (1) To compare the risk of DD at 4 years of age between LPI who have presence or absence of any morbidity
associated with the prematurity at birth, called complicated (cLPI) or uncomplicated (uLPI), and term-born
infants, (2) to determine maternal and perinatal factors associated with risk of DD, and (3) to analyze, in LPI, the
association between perinatal morbidity and risk of DD.
Methods: A retrospective cohort study including 163 LPI – 47 cLPI and 116 uLPI – and 158 term-born infants
(Terms) was conducted. Parents completed the Ages & Stages Questionnaires®3rd Spanish version (ASQ3). Risk
of DD was defined as the presence of any ASQ3 domain scoring below the mean minus 2 SD. Association between
risk of DD and maternal and perinatal factors was analysed using a multivariate logistic model. Incidence of risk
of DD was analysed according to specific morbidity.
Results: Compared to Terms, cLPI have a higher risk of DD in the communication domain. Respiratory pathology
was associated with a higher risk in the communication domain. Caesarean delivery was the only maternal
perinatal risk factor for DD, especially in gross motor domain.
Conclusions: At the age of 4 years cLPI, especially those with respiratory morbidity, had a higher risk of com-
munication delay. Caesarean delivery was the only perinatal risk factor associated with risk of DD.

1. Introduction

Prematurity, defined as birth before 37 weeks of gestation, re-
presents the greatest risk of morbidity and mortality in newborn in-
fants, where late preterm infants (LPI), born between week 340/7 and
366/7, represent the majority of this population [1,2]. In developed
countries, the rate of prematurity is around 9.6% [3], with LPI re-
presenting 70–80% of all premature births. After a progressive increase
of LPI in the two past decades, it appears now to be decreasing [3–5].

The National Institute of Child Health and Human Development
(NICHD) issued a consensus document in 2005 on optimizing care in
LPI in an attempt to improve outcomes in the short and long term and
to decrease the consumption of resources by this population [1].
Complications in LPI are associated with higher costs than newborn
infants with a lower gestational age (GA), due to the significant number
of births in this stage of gestation [6,7]. An increased risk of perinatal
morbidity has been demonstrated in LPI, with respiratory morbidity the
most prevalent [8–13].

McGowan JE et al., in a review that included 10 studies evaluating
LPI between 1 and 7 years of age, found that in all the age groups be-
tween 3 and 7 years, the LPI showed worse academic results and in-
creased difficulties in school activities, revealing itself to be a popula-
tion at risk of adverse neurological development and learning
difficulties up to the age of 7 years, compared with term-born children
[14].

In several articles, these LPI with perinatal morbidity are called
‘complicated’ (cLPI); they show greater risk of developmental difficul-
ties in some studies [15,16] whereas this has not been demonstrated in
others [17–18]. Regarding perinatal history, respiratory morbidity,
hypoglycaemia, multiple gestations, and being small for gestational age
have been related significantly with neurodevelopmental disorders in
the LPI population [11,19,20]. In a previous study we found a greater
prevalence of risk of developmental delay (DD) in LPI compared to
term-born infants at the age of 4 years based on the overall performance
of ASQ3, but we did not analysed those LPI with or without perinatal
morbidity nor did we organized the analysis by domains [21]. For the

https://doi.org/10.1016/j.earlhumdev.2017.11.001
Received 15 February 2017; Received in revised form 25 September 2017; Accepted 4 November 2017

⁎ Corresponding author at: Department of Pediatrics, Hospital de Barcelona, Av. Diagonal 660, 08034 Barcelona, Spain.
E-mail addresses: silviamnadal@hotmail.com, smartinez@scias.com (S. Martínez-Nadal), sergio.munoz.n@ufrontera.cl (S.R. Muñoz), 19541psc@comb.cat (P. Sala).

Early Human Development 116 (2018) 40–46

0378-3782/ © 2017 Elsevier B.V. All rights reserved.

MARK

http://www.sciencedirect.com/science/journal/03783782
https://www.elsevier.com/locate/earlhumdev
https://doi.org/10.1016/j.earlhumdev.2017.11.001
https://doi.org/10.1016/j.earlhumdev.2017.11.001
mailto:silviamnadal@hotmail.com
mailto:smartinez@scias.com
mailto:sergio.munoz.n@ufrontera.cl
mailto:19541psc@comb.cat
http://dx.doi.org/10.1016/j.earlhumdev.2017.11.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.earlhumdev.2017.11.001&domain=pdf


current study we recruited a larger sample of children with the objec-
tives of: (1) to compare the risk of DD at 4 years of age between LPI who
have presence or absence of any morbidity associated with the pre-
maturity at birth, called complicated (cLPI) or uncomplicated (uLPI),
and term-born infants, (2) to determine maternal and perinatal factors
associated with risk of DD, and (3) to analyze in LPI, the association
between perinatal morbidity and risk of DD.

2. Methods

2.1. Population

A retrospective cohort study was carried out including 163 LPI (GA
of 340/7 to 366/7 weeks) and 158 term-born infants (GA of 370/7 to 416/
7 weeks) born in a private hospital of a healthcare insurance company
with a Neonatal Intensive Care Unit, from 1 January to 31 December
2009 and 2011. The LPI were classified as complicated (cLPI) when
they had any morbidity associated with the prematurity, such as clinical
instability, respiratory problems, hyperbilirubinaemia requiring pho-
totherapy, or hypoglycaemia. They were classified as uncomplicated
late preterm infants (uLPI) when they did not require admission or were
admitted without pathology, considering that all infants ≤35 weeks of
GA are systematically admitted by protocol in the neonatal unit.

Inclusion criteria were: (1) For the study group, LPI born in the
period whose parents were located and, after phone contact, agreed to
participate by completing an informed consent form and the Ages and
Stages Questionnaires® third edition in Spanish (ASQ3) at the age of
4 years. (2) For the control group, we selected a sample of children born
in the hospital at GA of term matched by date of birth with LPI. We
included only apparently healthy term-born infants (terms) without a
history of complications in the neonatal period who were followed up
by paediatricians belonging to our insurer group. Those contacted who
agreed to take part in the study were included. Excluded were children
with malformation syndromes or with known genetic or metabolic
diseases and, in the terms group, those who needed to be admitted to
hospital in the neonatal period. Fig. 1 presents the population studied.

The LPI in the study were 57.6% of the total LPI born in this period.
Table 1 shows the characteristics of the LPI recruited and of those not
included, with no statistically significant differences found with those

LPI not included in the study.
Sample size calculation: assuming a prevalence of 5% of children to

be at risk of DD in the term-born infants and 20% in the cLPI [21,22], a
significance level of 5%, statistical power of 80%, and ratio of 3:1 term
infants per case, a sample size of 42 cLPI and 125 term infants were
requested.

The project was approved by the Hospital Teaching and Ethics
Commission.

2.2. Measures

The following variables were recorded, as obtained from the clinical
record of each newborn infant: birth weight, intrauterine growth re-
striction (IUGR = weight < 3% according to GA), GA evaluated ac-
cording to obstetric data of last menstrual period and ultrasound scan
control, twinning, form of delivery completion – vaginal or caesarean
section – administration of antenatal corticosteroids (2 doses of beta-
methasone between 7 and 1 days before delivery), and admission to the
neonatal unit (NU). The latter case involved the recording of incidents
of respiratory pathology (respiratory distress, transient tachypnea,
meconium aspiration syndrome, persistent pulmonary hypertension),
hyperbilirubinaemia requiring phototherapy, and hypoglycaemia
(< 40 mg/dL first 48 h). Considered separately was admission to the
NU due to a respiratory pathology requiring respiratory assistance

Fig. 1. Description of the studied population.
LPI: late preterm infants; Terms: term-born infants; NU: Neonatal Unit; cLPI: complicated LPI; uLPI: uncomplicated LPI.

Table 1
Description of the population of late preterm infants, comparing those recruited and those
who were not included in the study.

LPI not included
(n = 120)

LPI recruited
(n = 163)

p

Gestational age (w), M (SD) 35.6 (0.6) 35.4 (0.7) NS
Male gender, n (%) 62 (51.7) 96 (58.9) NS
Birth weight (g), M (SD) 2533 (368) 2465 (420) NS
Caesarean section, n (%) 79 (65.8) 100 (61.3) NS
IUGR, n (%) 5 (4.2) 11 (6.7) NS
Twins, n (%) 59 (49.2) 64 (39.3) 0.05
Neonatal morbidity (cLPI), n (%) 28 (23.3) 47 (28.8) NS

LPI: late preterm infants; M: mean; SD: standard deviation; IUGR: Intrauterine growth
restricted; cLPI: complicated late preterm infants; NS: not significant.
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