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Abstract

Objective: To review literature published in the last 5 years on the effects of premature birth on the development
and quality of life of preschool- and school-age children.

Sources: Systematic review of empirical studies published in the last 5 years and indexed on PubMed,
MEDLINE, LILACS, SciELO and PsycINFO. Keywords were chosen that relate prematurity to developmental and

quality of life outcomes.

Summary of the findings: In the studies chosen, four global indicators of development were identified
(neurological, neurodevelopment, executive functions and quality of life), in addition to seven specific indicators
of development (cognition, motor function, behavior, language, academic performance, attention and memory).
The most prevalent indicators were cognition and motor function. Premature children had worse performance in all
developmental indicators than children born full term. Additionally, the younger the gestational age, the worse the
performance in developmental indicator assessments. The studies identified both risk factors (lower birth weight,
intraventricular hemorrhage and low maternal educational level) and protective factors (larger head circumference,
breastfeeding and higher family income) for development of children born preterm.

Conclusion: Children born extremely premature (< 30 weeks’ gestational age) are vulnerable to developmental

and quality of life problems.

J Pediatr (Rio J). 2011,87(4):281-291: Child development, quality of life, premature.

Introduction

Achild’s gestational age and weight at birth areimportant
indicators of biological risk of developmental problems.1-3
Infants born preterm (at gestational ages less than 37 weeks)
and with low birth weight (LBW, weight below 2,500 g) are
a high-risk group in view of the increased likelihood of them
suffering morbidity and mortality.4-¢

Prematurity can be classified as follows: borderline

preterm (BPT, 35 to 36 weeks’ gestational age), moderate
preterm (MPT, 31 to 34 weeks’ gestational age) and extreme

preterm (EPT, gestational age < 30 weeks).” Newborn
infants with LBW can be further classified as very LBW
(VLBW, less than 1,500 g) or extreme LBW (ELBW, less
than 1,000 g).”

Children born prematurely are biologically immature and,
consequently, there is a greater probability that they will
suffer health and development problems, when compared
with children born at full term (FT).1.8:9 This difference can
already be observed when the development of preschool
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children born full term and preterm is compared.10 Preterms’
biological vulnerability may be compounded by psychosocial
environmental risk factors.11-13 In such cases, the child
is exposed to multiple risks, with a negative impact on
development.

Development is a continuous process of changes
through which functional performance in many different
developmentalindicatorsimproves.14:15Theseimprovements
include acquisition and development of abilities in a range
of areas (cognition, language, motor function, behavior and
others).14 One importantindicator of development is quality
of life, which is a combination of objective and subjective
aspects of wellbeing, happiness and satisfaction.16

In view of the relevance of monitoring the developmental
progress of these more vulnerable children, the objective
of the present study was to review indexed literature
published in the last 5 years on the effects of premature
birth on the development and quality of life of children at
preschool and school ages. The questions that guide this
review article are as follows:

- What developmental indicators are assessed in samples
of children born preterm when they are in the age range
of 3 to 12 years?

- How are developmental indicators and quality of life
measures assessed?

- What are the major findings of assessments of
developmental indicators and quality of life measures
reported in the literature?

Methods

A systematic review was undertaken of literature
indexed in the databases PubMed, MEDLINE, LILACS,
SciELO and PsycINFO using the following combination of
keywords: Infant, Premature OR Premature Birth AND Child
Development OR Developmental Disabilities OR Outcome
Assessment (Healthcare) OR Developmental Outcomes OR
Neurodevelopmental Outcomes OR Quality of Life. These
keywords were chosen after searching for terms on Mesh
(PubMed), Decs (MEDLINE, LILACS and SciELO), Index
Terms (PsycINFO) and by testing different searches.

The criteria for including articles in the review were as
follows: empirical studies that assessed the developmental
and quality-of-life outcomes of premature subjects aged
3 to 5 years (preschool) and 6 to 12 years (school age),
according to the age classification proposed by Papalia &
Olds?7; studies published in the last 5 years (January 2005
to June 2010) in English, Portuguese or Spanish.

Theinitial searchesidentified 587 articles in the databases
using the keywords above. Thirty-four repeated references
for articles that were indexed in more than one database
were excluded. The abstracts of the remaining 553 articles
were then read. After analysis of the abstracts, a further
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515 articles that did not meet the inclusion criteria were
excluded. This review therefore covers 38 articles.

Results and discussion
Characteristics of the studies reviewed

Thirty-five of the 38 articles were published in English18-52
and three were published in Portuguese.53-55 Twenty-one
studies investigated preterm children at preschool age,18-

21,26-29,31-33,36,41,42,44-46,48,51,55 and 17 articles described
school-age children.23-25,30,34,35,37-40,43,47,49,50,52-54

Twenty-eight articles had prospective longitudinal
designs,19-27,31,33-43,46-52 wijth samples recruited in the
neonatal period. Six articles were about cross-sectional
studies,28-30:45,53,54 and four had retrospective longitudinal
study designs.18:32,44,55 With regard to the types of analysis
applied to the developmental indicators, it was found that 32
studies18-21,23-31,33-38,40,41,43-45,47-49,51-55 compared subsets
differentiated by gestational age, birth weight, biological
risk classification, sex or developmental assessment scores.
Predictive analyses were conducted in 19 studies20,22-25,27,
32,33,35,38,39,41,42,45-48,50,53 with the objective of determining

variables that predict developmental risk or protection.

For the purposes of this review, the developmental
indicators investigated by the studies were classified as
global or specific. Global indicators are assessments of
more than one developmental areain conjunction, providing
a wider-ranging overview of the child’s development.
Specific indicators, in turn, are assessments of a single
developmental area.

It will be observed from Table 1 that the most
prevalent indicator in the whole 38-study sample was
cognition,18-22,27,30,33-39,43,46,47,49,51-53 followed by motor
development19,20,22-24,25-28,31-33,35,37,39,40,42,45,54 and then
neurosensory deve|opment_20,23,24,27,28,31,32,46,47,51,52,55
Motor development was the most prevalent
developmental indicator among the studies of preschool
children,19.20,22,25-28,31-33,42,45 \whereas for schoolchildren

the equivalent was cognition.30,34,35,37-39,43,47,49,52,53

Table 2 lists the many different instruments and measures
employed, totaling 59 different instruments and measures
for assessing children’s development.

It is notable that the Wechsler Preschool and Primary
Intelligence Scale for assessing cognition was used in
more than 30% of the studies,20.21,27,30,34,35,37,39,49,51,52,55
and standard neurological examination, which is

clinical assessment, was used in around 20% of the
studies.23,24,31,32,35,46,47,51,55

Global developmental indicators
Sensorineural or neurological development

Sensorineural or neurological development was assessed
in 13 articles and consisted either of a neurological
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Table 1 - Prevalence of developmental indicators assessed in the studies reviewed

Age group

Preschool (n = 21)

School age (n = 17) Total (n = 38)

Developmental indicators f % f % f %

Global indicators
Sensorineural/neurological 9 43 4 23 13 34
Neurodevelopment 6 28 0 6 16
Executive functions 2 9 1 3 8
Quality of life 2 9 1 6 3 8

Specific indicators
Cognition 10 48 11 65 21 55
Motor function 11 52 7 41 18 47
Behavior/emotional 7 33 4 23 11 29
Language 8 38 2 12 10 26
Learning/ academic performance 4 19 4 23 8 21
Attention 3 14 3 18 6 16
Memory 3 14 1 6 10

f = frequency.

examination in the form of clinical observation by specialist
professionals23,24,31,32,36,46,47,51,55 or by administering
a standardized instrument.20.28,32,33 The neurological
developmentindicator was the result of assessing the status
of mental function, motor function, sensitivity, coordination,
walking and balance.20,21,24,28,31,32,33,36,46,47,51

Nine studies analyzed neurological development during
the preschool phase.20,27,28,31,32,36,46,51,55 Moderate or severe
neurological dysfunction was defined as compromised
motor function in upper and lower limbs, inability to walk
independently, significant functional compromise and
auditory and/or visual deficiency.28:33 Among EPT children
of preschool age, this type of dysfunction was observed in
17 to 23% of samples31:36; whereas in a sample of MPT
children, the frequency of moderate or severe neurological
dysfunction was just 12%.36

From 11 to 25% of EPT children of preschool age had
a diagnosis of cerebral palsy in five studies.20.31,32,36,51
The frequency of cerebral palsy in MPT samples was 6 to
15%.36,51 Considering gestational age and birth weight in
combination, it was observed that just 8% of children born
premature and small for gestational age (SGA) had cerebral
palsy, whereas, in the same study, 20% of preterm children
with birth weight appropriate for their gestational age (AGA)
had cerebral palsy.2’ This difference can be explained by
the distinct biological characteristics of the two groups,
since the AGA group had lower mean gestational age and
contained a larger proportion of children with abnormal
transfontanellar ultrasound findings.

The majority of risk factors for neurological dysfunction
at preschool age in EPT and VLBW children were related to
the neonatal period (from birth to 28 days’ postnatal age)
and were as follows: prolonged duration of mechanical
ventilation,#® intraventricular hemorrhage grades III and
1V,3246 retinopathy,*¢ low Apgar score3?2 and perinatal
convulsions.32 Additionally, low maternal educational level
was an important psychosocial risk factor for neurological
dysfunction.4® In contrast, greater gestational age3¢ and
gain in body weight and increase in head circumference
between birth and hospital discharge*® were identified as
protective factors for the neurological development of EPT
and VLBW children.

Only four studies assessed neurological development
in school-age children.23:24:47.52 Moderate or severe
neurological dysfunction was identified in around 20% of
EPT47:52 and 16% of MPT children.2* Risk factors for EPT
children having neurological dysfunctions at school age were
as follows: prolonged duration of mechanical ventilation in
the neonatal period, intraventricular hemorrhage grades
III and 1V, periventricular leukomalacia and maternal age
close to 40 years at the time of birth.47

Studies that assessed subsets differentiated by
gestational age identified greater compromise to neurological
development among children born preterm, both at
preschool age and at school age. When compared with
either the MPT group or the FT group, the EPT children had
more neurological dysfunctions, cerebral palsy and visual
deficiencies.?23:28,36,51
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Table 2 - Instruments and measures used to assess development in the studies reviewed

Developmental indicators

Instruments and measures

Global indicators
Sensorineural/Neurological

Neurodevelopment

Executive functions

Quality of life

Specific indicators
Cognition

Motor

Behavioral/emotional

Language

Learning/academic performance

Attention

Memory

Modified Partial Touwen Test20.32,33
Health Status Classification System Preschool Version28
Standardized Neurological/Sensory Examination?23,24,31,32,35,46,47,51,55

Gesell Developmental Diagnosis?!
Denver II Test18:55
Bayley Scales of Infant Development!8:31

Developmental Neuropsychological Assessment20,27,48
Cambridge Neuropsychological Test Assessment Battery30

Infant and Toddler Quality of Life Questionnaire28
Quality of Life Questionnaire (17D)4>
Revised Children Quality of Life - Questionnaire*”

Stanford-Binet Intelligence Scalel®.22

Wechsler Preschool and Primary Intelligence Scale20,21,27,30,34,35,37,39,49,51,52,55
Revised Amsterdam Children’s Intelligence Test2°

Kaufman Assessment Battery for Children32.36,38,43,48,47

Raven’s Colored Progressive Matrices — Special Scale53

Visual-Motor Integration Test19.37

Block Construction1?

Visual-Perceptual Task!?

Pediatric Extended Examination at Three22
Developmental Scale, Motor-Perceptual Development25
Developmental Neuropsychological Assessment2®
Movement Assessment Battery for Children23.29,39,52,54
Bayley Scales of Infant Development - Psychomotor Development Index3!
Gross Motor Function Classification Scale4>47

Zurich Neuromotor Assessment24

Visuo-Manual Pointing Task36:40

Child Behavior Checklist22:23:28,29,32,48,50

Strengths and Difficulties Questionnaire (Parent Form)33.47.51
Conflict Subscale (9-item) from the Family Environment Scale5°
Goodenough Draw-a-Person Test>3

Rutter Child Behavior Scale>3

Conners’ Parent Rating Scale Revised>>

Boston Naming Test!?

Word and Phrase Retrieval Test!®

Peabody Picture Vocabulary Test19:37,41

Test of Grammar Comprehension?®

Developmental Neuropsychological Assessment20.27

Pediatric Extended Examination at Three22

Dutch Language Screening Test2°

Preschool Language Scale-3 (UK)38

Age-Appropriate Modification of the ETS Test of Verbal Fluency4!
Preschool Version of the Clinical Evaluation of Language Fundamentals Test5!
Nicolosi Sequence of Language Development?!8

Questionnaire About School Performance?9.33
Records in the Public School Student Database*4
Phonological Abilities Test38

Academic Achievement Score38

Wide Range Achievement Test39:49

Wechsler Individual Achievement Test*3

Attention Sustained Test!®

Developmental Neuropsychological Assessment20.25.27
Attention Questionnaire22

Parent’s Version Conners’ Rating Scale Revised-Long Form?25
Digit Span Forwards Test?>

Spatial Span Forwards Test25

Trail Making Test-Test B25

Test of Everyday Attention in Children30

Memory for Location1?

Developmental Neuropsychological Assessment20.27
Cambridge Neuropsychological Test Assessment Battery30
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Neurodevelopment

Six studies18:21,29,31,44,55 gssessed neurodevelopment, all
at preschool age. Neurodevelopment assessment involved
investigation of the following areas of development: personal
and social behavior, cognition, language and fine and gross
motor functions.18

The studies employed one of three different approaches
to assessing neurodevelopment: using a single standardized
instrument,18:21,31,55 g combination of different instruments
(each one accessing a different area)?° and analysis of data
from health service records.*4

In a sample of 3-year-old children, it was observed that
around 70% of EPT with gestational ages of less than 27
weeks had neurodevelopmental problems,3! in contrast
with just 3% of preterms with gestational ages greater
than 33 weeks.2! The extreme difference between these
results may derive from the samples’ different biological
characteristics and the different assessment instruments
used in each study. De Groote et al.3! studied children who,
in addition to younger gestational age, also had lower birth
weight, and used the Bayley Scales of Infant Development
for assessment, whereas Peng et al.?! used the Gesell
Developmental Diagnosis.

The importance of gestational age was also evident in
studies that compared different groups, where BPT children
proved to be at greater risk of neurodevelopmental delays
and/or disorders when compared with FT children at 3
years of age.**

Birth weight was also relevant in studies thatinvestigated
neurodevelopment, since it was observed that preterm
children with LBW scored lower on neurodevelopment
tests at 3 years when compared with FT children born at
normal weight.2! There was not, however, any difference in
neurodevelopment at age 3 when a group of children born
premature and LBW were compared with a group born full
term, but SGA.21

Neurodevelopment had significant associations with
other developmental indicators, such as performance at
school, since EPT children with educational problems at age
5 had more neurodevelopmental disorders than EPT children
without educational problems.2° The association between
neurodevelopment and language in children born preterm
indicated that those with abnormal language acquisition
at 3 also had more neurodevelopmental problems at the
same age.18 Furthermore, behavioral problemsat 12 and 24
months had a strong association with neurodevelopmental
problems at 3 years of age.>>

Executive functions

Neuropsychological assessments of the executive
functions included the following domains: memory, self
control, attention, language, sensory-motorand visuospatial
development.20:30:48 Jyst three studies assessed these
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functions, two studies of preschool children2048 and one
study of school-age children.30

Feldman“8 followed premature babies up to 5 years
of age, focusing on regulatory processes, and found that
poor cardiac vagal tone during the neonatal period, greater
disorganization of the sleep-wake cycle, also during the
neonatal period, reduced emotional regulation at 12 months
and reduced attention regulation at 2 years were risk factors
for executive function disorders at 5 years.

Extreme prematurity was one biological factor that
impacted on executive function assessments, since EPT
children performed badly on these tests when compared
with a sample of FT at 520 and 9 years of age.30

The importance of stratifying risk within a single
gestational age category is illustrated by the observation
that infants born preterm and classified as at high neonatal
risk according to the Clinical Risk Index for Babies (CRIB)
exhibited greater compromise of executive functions at 5
years than those classified as having low neonatal critical
risk.48 The CRIB provides a score that estimates the neonatal
risk of morbidity and mortality, obtained by summing points
scored for the presence of its component indicators.48 It is
administered during the first 12 hours of life and the higher
the score the greater the biological risk.48 The variables
assessed are birth weight, gestational age, congenital
malformations, elevated pH (in blood gas analysis) and
minimum and maximum oxygenation.48

Quality of life

Quality of life was only covered by two of the preschool
studies?845 and one of the studies of school-age children.4?
Although it involves subjective aspects, quality of life can
be measured using scales specifically for this purpose,
by administering instruments such as the Infant and
Toddler Quality of Life Questionnaire,?8 the Quality of Life
Questionnaire*> and the Revised Children’s Quality of Life
Questionnaire.4”

When groups of children born preterm were compared
with groups of FT children, it was found that they had worse
quality of life scores, both at preschool?84> and at school
age.*’” Furthermore, when different subsets of premature
children were compared with each other (EPT vs. MPT)28;
SGA vs. AGA%5) there was no difference between them; all
of the premature children studied exhibited compromise to
some aspects of quality of life.

Just one study investigated predicting the quality of
life at five years of babies born preterm and VLBW on the
basis of prenatal and neonatal factors. The presence of
congenital malformations was the only risk factor identified
in connection with lower quality of life scores.*> On the
other hand, older gestational age, higher birth weight and
multiple pregnancies were shown to be protective factors
for the future quality of life of these children.*>
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Specific developmental indicators
Cognition

Cognition is an important higher cortical function and
was assessed in 21 of the studies. The measures used to
verify the cognitive function of children were the intelligence
quotient (IQ)19-22,27,30,34,35,37,39,49,51-55 gnd the Mental
Processing Composite (MPC),33:36,38,43,46,47 which is basically
an equivalent measure to IQ.

Ten studies analyzed the children’s cognition at preschool
age.19-22,27,33,36,46,51,55 Cognitive function was classified as
below normal if the IQ or NPC school was below 85 or less
than -1 standard deviation (SD). The percentage of EPT
children classified as having below normal cognition at
preschool age varied from 33 to 36%36:5! and from 29 to
36% for MPT children.36.51 Mental deficiency was defined
as an IQ or MPC score of less than 70 or less than -2 SD.
According to these criteria, 9% of the EPT children with
ELBW20 and 10% of the EPT with VLBW22 were diagnosed
with mental deficiency at preschool age.

Five studies assessed predictive factors for cognition
at preschool age of children born preterm.20,22,27,33,46
These studies observed that the risk factors for cognitive
compromise at five years in EPT children were related to
the following prenatal and neonatal variables: male sex,20
not taking steroids during the prenatal period,2° multiple
pregnancy, 20 vaginal delivery,20 low birth weight,*¢ prolonged
duration of mechanical ventilation4¢ and intraventricular
hemorrhage grades III or IV.20.46

Of note was the fact that motor development delays or
disorders at 5 years in MPT children proved to be a factor
predicting risk of cognitive compromise at the same age.33
Furthermore, neurodevelopmental delay during early infancy
and an abnormal neurological test result at 5 years had an
association with low IQ at the same age.>>

On the other hand, greater gestational age,36 heavier
birth weight, 29 body weight gain between birth and hospital
discharge, 46 increase in head circumference between
hospital discharge and 5 years, 46 larger head circumference
at 5 years?’ and greater family spending power2? were
all identified as factors of protection for the cognitive
development of EPT children at preschool age. In addition
to these factors, sleeping patterns during the neonatal
period also had a protective effect on the cognitive function
of preschool age preterms, since newborn infants who slept
with more rapid eye movement (REM) and long pauses in
breathing had higher IQ scores at 3 years.?2

Cognition at school age was investigated in 11
studies.30,34,35,37-39,43,47,49,52,53 Cognitive function was
classified as below normal in around 40 to 68% of the
samples of EPT children.38:43.47,52 Rjsk factors for cognitive
compromise in EPT children at school age were as follows:
male sex,38 intraventricular hemorrhage grades III or IV or
periventricular leukomalacia during the neonatal period4”

Development of children born preterm - Vieira ME & Linhares MB

and prolonged duration of mechanical ventilation while in
hospital.4” Larger head circumference at 2 and 8 years was
a protective factor for cognitive function at 8 years.3°

The majority of studies that compared subsets
differentiated by gestational age observed similar results,
both at preschool age and school age, since several samples
of children born preterm had greater cognitive compromise
than FT children.19-21,30,34-38,43,49,51-53 However, one study
that compared the cognitive development of subsets of
the preterms who passed through a neonatal intensive
care unit found that the subset of EPT children had a lower
prevalence of below normal IQ scores at 4 years than the
MPT subset.5! The article does not, however, discuss these
results and does not mention what statistical tests were
used nor the level of significance adopted.

Motor development

Motor development was investigated in 18
artic|es_19,20,22-24,26-28,31-33,35,37,39,40,42,46,54 Motor
development assessments basically covered the following
areas: gross motor function (stability and locomotion) and
fine motor function (activities involving fine coordination
and manipulation).24 Motor development was the most
prevalent indicator among the studies of preschool age
children and was studied in 11 articles.19:20,22,26-28,31-33,42,46
It was observed that the percentage of EPT children with
motor development delays or disorders at preschool age
varied from 29 to 42%,20.31-33.42 whereas they were
present in 39% of a sample of MPT children.33

Studies that analyzed predictive factors for the
motor development of EPT children at preschool age
identified prenatal and neonatal biological variables,
developmental variables from early infancy and social
variables. The biological variables identified as risk factors
were as follows: male sex,2042 younger gestational age,42
intraventricular hemorrhage grades III or IV,42:46 prolonged
duration of mechanical ventilation*® and retinopathy of
prematurity.46

Motor and mental development delays identified using
the Bayley Scales of Infant Development at 2 years proved
to be a developmental variable that predicted risk of
motor compromise detected by the Movement ABC at 5
years.4! Furthermore, a study by Franz et al.#¢ showed
that low maternal educational level is a social variable
that predicts risk of motor development. In counterpoint,
the only protective factors for motor development of EPT
children were being born in a more complex hospitall”
and increase in head circumference between birth and
hospital discharge.*®

The prenatal and neonatal risk factors for motor
development delays or disorders in MPT children at
preschool age were as follows: acute fetal suffering,33
abnormalities in central nervous system white matter,33
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intraventricular hemorrhage grades I1I or IV33 and postnatal
corticoid therapy.33 Breastfeeding,33 multiple pregnancy33
and sleeping with more REM and long pauses in breathing
during the neonatal period were identified as protective
factors for the motor development of preschool age MPT
children.22

Six studies19:20.26-28,33 of preschool age children analyzed
subsets of children differentiated by gestational age and
all reported similar results, since motor development
deficits were greater among those subsets with younger
gestational age, i.e. among EPT children when compared
with FT or MPT,20.26-28,33 and among MPT children when
compared with FT children.19:26:28 However, when preterms
were compared according to adequacy of birth weight for
gestational age, it was found that there was no difference
between SGA and AGA subsets in motor development
assessed at 5 years.20,27

Seven studies assessed the motor development of school-
age children?3,24,35,37,39,40,54 and 57% of MPT children with
VLBW had motor development delays or disorders,>4 whereas
in a sample of LBW preterms the figure was 35%.23

Prenatal and neonatal biological risk factors related
to motor development delays or disorders in school-age
preterms were multiple pregnancy, 24 respiratory problems23
and higher grade of periventricular leukomalacia or
intraventricular hemorrhage.24

Abnormal sensorineural development at 6 years,24
inability to grasp an object successfully at 4 years,23
low quality movement when trying to grasp an object at
6 months23 and immobile postural behavior at 4 and 6
months23 were risk factors for motor development delays
or disorders in preterm children at 6 years of age. Indeed,
just two variables that protect motor development were
identified in the studies of school-age children: heavier
body weight at discharge3® and larger head circumference
at 2 and 8 years of age.3°

It should be pointed out that the motor assessments
conducted at preschool age included both the gross motor
function and fine motor function areas, whereasin school-age
studies, fine motor development was assessed in the form
of specific abilities, such as a test of hand-eye coordination
when pointing.35:37:40 Comparison of fine motor performance
of different subsets differentiated by gestational age showed
that premature children suffered greater compromise in this
areas than subsets of FT children3>37.40 and that an EPT
subset had greater fine motor compromise than a sample
of MPT children.40

Stratification of biological risk is also important when
assessing motor development, since premature newborn
infants considered at high biological risk (5-minute Apgar
lessthan 3, respiratory problems or patent ductus arteriosus)
suffered from a higher frequency of motor development
problems at 6 years than children at low biological risk.23
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Behavior and emotional control

Eleven articles assessed the behavior and emotional
control of children born preterm.22.23,28,32,33,47,48,50,51,53,55
This is an important indicator for development of the
processes of socialization and self-control of behavior.48

The preschool-age behavior of children born preterm
was investigated in seven studies.22:28,32,33,48,51,55 Behavioral
problems were either of the “internalizing” type, characterized
by anxiety and withdrawal, or “externalizing,” characterized
by impulsivity and antisocial behaviors. These problems
were observed in 22 to 37% of samples of preschool EPT
children,3%.51 in 13% of preschool MPT children5! and 60%
of preschool-age preterm LBW.>>

Studies that analyzed predictive factors for behavior of
preschool-age children born preterm found that items tested
at different stages of child development were linked with
behavior at 5 years. Poor neonatal cardiac vagal tone,*8
reduced emotional regulation at 12 months,*® reduced
regulation of attention at 2 years*8 and motor development
delay at 5 years33 were risk factors for behavioral problems
in 5-year-old children. In addition to these, psychosomatic
behavior detected by Conners’Parent Rating Scales Revised
at 5 years was also significantly associated with an abnormal
neurological examination at the same age.>>

Four studies dealt with behavior at school age.23:47,50,53
Behavioral problems were detected in 28% of a sample
of 8-year-old EPT children4” and the risk factors for this
negative outcome were reduced cognitive function (IQ
less than 70) at 8 years and low maternal educational
level.4” Reduced cognitive function was also a risk factor
for behavioral problems in a sample of 9-year-old MPT
children with VLBW.53

Among LBW preterm children, a difficult temperament at
12 months®? and a high level of family conflict at 7 years>9
were predictive variables for risk of behavioral problems at
8 years. It should be pointed out that, in a study conducted
by Fallang et al.23 into children born preterm and LBW,
immobile postural behavior at 6 months was a risk factor
for behavioral problems at 6 years and these children also
suffered more internalizing behavioral problems (anxiety
and depression) than a group of FT children. The authors
therefore suggested that the origin of these behavioral
problems could lie in unfitness and weakness of motor
abilities, associated with dysfunctions in the children’s
monoaminergic systems.23

Other studies that made comparisons between subsets
differentiated by gestational age found similar results,
since the groups with younger gestational age were at a
disadvantage having more behavioral problems than the
control group, both at preschool age and school age.23:47:53
The only exception is a study by Schiariti et al.28 in which
no difference was observed between EPT children and
MPT or between MPT and FT children in terms of behavior
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assessed with the Child Behavior Checklist at 3 years of
age. Notwithstanding, the authors stated that further
studies were needed in order to elucidate this question
of the prevalence of behavioral problems in samples of
premature children who have spent time in intensive care
units. A study by Woodward et al.>! compared EPT and
MPT children from a neonatal intensive care unit using the
Strengths and Difficulties Questionnaire and found that the
EPT group had more behavioral problems than the MPT
group at 4 years of age.

Language

The specific developmental indicator language was
investigated in 10 articles, eight in preschool childrens-
20,22,27,28,41,51 gnd just two in school-age children.37.38 Delays
or disorders in language development in preschool EPT
children varied from 32 to 48%328.51; and 30 to 35% of MPT
had language problems?8.51; although more than 50% of
one sample of children born preterm LBW were affected.18
Language problems may affect expression, related to speech,
or reception, related to understanding.18:41,51

In a study by Rose et al.,*! it was observed that good
performance in language, memory, attention, central
processing velocity and representational competence at 12
months are related to adequate language development at 3
years for children born preterm and VLBW and are therefore
protective factors. Similarly, larger head circumference at
5 years?’ and sleep with more REM and long pauses in
breathing during the neonatal period??2 were identified as
protective factors for the language development of preschool-
age premature and LBW children. It should be pointed out
that the only risk factor identified in these studies was male
sex,38 which is a predictive variable for risk of language
delay in school-age EPT children.

The majority of studies that have compared subsets
differentiated by gestational age found that samples of
children born preterm (EPT or MPT) had worse performance
on language assessment tests than FT children, both in
studies of preschool19:20,27.28,51 and school-age children3s,
However, when compared with an FT group at 3 years, the
VLBW preterms were only worse with receptive language
skills and there was no difference between the subsets in
terms of expressive language abilities.*! No difference was
detected between EPT and FT language assessments at 12
years in a study by Constable et al.3”

Learning or academic performance

Eight studies assessed the learning or academic
performance of children born preterm.29.32,33,38,39,43,44,49
This specific indicator was assessed in three ways: using
a standardized instrument,3949 using instruments created
by the study authors29:33 or using data from school
databases.**
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Four studies assessed the academic performance of
preschool children.29.32,33,44 Kleine et al.32 reported that
around 9% of their sample of 339 EPT and VLBW children
needed special needs education by 5 years of age. The
percentage of preschool children with learning delays or
difficulties was 37% of EPT and VLBW children.2® It is of
note that among MPT children, motor problems at 5 years
are a risk factor for problems with academic performance
at the same age.33

Comparison of public education system data on preschool
age BPT and FT children showed that the premature
group had increased risk of suspension and retention in
kindergarten and increased probability of being referred
for special needs education at 5 years.3°

Learning and academic performance were investigated in
greater detail in four studies of school-age children.38:39,43,49
Difficulties at school were reported by the teachers of 50% of
6-year-old EPT children38 and 13% of EPT children attended
schools offering special needs education by 11 years of
age.*3 Furthermore, more than half the EPT sample had
problems with reading, and 70% had significant problems
with mathematics at 11 years.43

Astudy by Kan et al.3° identified certain factors protective
of academic performance of EPT children at 8 years of age
in three basic abilities: reading, spelling and mathematics.
It was found that heavier birth weight, heavier body weight
at 2 years and larger head circumference at 2 and 8 years
were protective factors for reading ability. Protective factors
for spelling were heavier body weight at 2 years and
larger head circumference at 2 and 8 years. Only larger
head circumference at 2 years was a protective factor for
performance in mathematics.

Studies that compared academic performance between
groups of school-age EPT or BPT children and FT children
found that children born preterm had more general problems
at school38 than FT children and more specific problems with
reading, 384349 spelling4® and mathematics.43:49

Attention

Attention was investigated in three studies undertaken
with preschool children?®.20.27 and three with school-age
children.23:25,30 Attention is one of the executive functions
and is defined as the construct by which the minds focuses
on and selects stimuli, establishing relationships between
them.25 Therefore, this indicator is analyzed on the basis
of a neuropsychological assessment.20,25,27

The attention of school-age children born preterm was
related to their motor development in early infancy. Greater
velocity of movement when grasping an object (fine motor
ability) at 4 months was a risk factor for attention problems
in premature LBW children at 6 years.23 Similarly, motor
delaysordisorders at 2 years were a predictive factor for risk
of attention problems in EPT ELBW children at 8 years.2>
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Studies of preschool!920 and school-age children3®
that have compared attention in children born preterm
(EPT or MPT) with attention in FT children found that they
suffered greater compromise than the FT children. However,
Schiariti et al.28 compared EPT with MPT and did not detect
a difference between them since both subsets’ attention
was equally compromised.

Studies that compared subsets differentiated by
appropriateness of weight to gestational age between
preterm SGA and AGA also failed to detect a difference in
attention assessments at 5 years of age.20.27

Memory

Memory is another developmental indicator that is one
of the executive functions. It is the intellect’s capacity to
retain, retrieve, store and evoke information. This indicator
was investigated by three studies at preschool age?2.23:27
and one at school age.3°

All of the studies that assessed memory only performed
analyses of comparison between groups. Those that
compared groups categorized by gestational age found
that FT children performed better in memory tests than
children born preterm, irrespective of level of prematurity
(EPT or MPT).19,20,27,30

However, studies that compared groups divided by
appropriateness of weight to gestational age reported
contrasting results, since, in one of them children born
preterm classified as SGA had more memory problems at 5
years (lower scores on the Developmental Neuropsychological
Assessment) than children born preterm and AGA27; whereas
this difference was not observed in the other study,2° and
yet both administered the same instrument to children of
the same age, i.e. 5 years. These conflicting findings may
be related to the characteristics of the samples, since in
the study that did detect a difference between groups,2”
the SGA children had more neonatal complications, such
as intraventricular hemorrhage and respiratory problems,
than the AGA group.

Conclusions

With regard to the developmental indicators assessed
in samples of preterm children at ages from 3 to 12 years,
studies were identified assessing both global and specific
indicators of development. The most prevalent global
development indicator across all studies was neurological
assessment, and the most prevalent specific indicator was
cognition. Considering the two age ranges, preschool and
school age, it was observed that motor development was
the most often assessed among preschool children, while
for school-age children the most prevalent indicator was
cognition. Cognitive function assessment gained a prominent
placeinthis review, both because of the prevalence of its use
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and because of the associations with other developmental
indicators. The relevance of assessing cognitive function
is based on its characteristics, including different higher
cortical functions and processes. It was apparent that future
studies should invest in assessing executive functions,
quality of life, and processes of attention and memory in
children born preterm at both preschool and school age,
since these factors have been little studied up to the time
of writing.

With regard to the procedures used for assessment of
developmental and quality of life indicators, it was found
that a wide variety of instruments and measures were used.
Systematic assessments with standardized instruments,
assessments with instruments developed by the authors
themselves, non-systematic observational measures and
analyses of records in health system databases. All quality
of life assessments and some behavior and academic
performance assessments were based on parent and/or
teacher reports, even though school-age children are
already capable of responding to questionnaires that assess
quality of life. The large number of available instruments
emphasizes the care researchers must take when choosing
the correct instrument or measure to suit the objective,
research question, age of sample and area of development
to be investigated; bearing in mind that this review should
help in making this choice.

With regard to the principal results of developmental
and quality of life assessments found in the literature, it
was observed that studies that made comparisons between
groups of children born preterm and groups of children
born full term found evidence that the preterms performed
worse in all of the developmental indicators investigated.
This review supports the tendency for researchers to stratify
their analyses of prematurity into BPT, MPT and EPT. In
analyses that did use prematurity levels, children classified
as extremely premature were the most vulnerable in all
comparisons, with the exception of quality of life, behavior
and language, in which all the different subsets of preterms
were similarly compromised.

The main biological risk factors for developmental
problems from 3 to 12 years of age in children born
preterm were as follows: prolonged duration of mechanical
ventilation during the neonatal period, intraventricular
hemorrhage or periventricular leukomalacia, male sex and
lower birth weight. The main psychosocial risk factors were
low maternal educational level and high level of family
conflict. In compensation, the main protective factors for
the development of children born preterm were as follows:
older gestational age, higher birth weight, larger head
circumference, better quality of sleep during the neonatal
period, breastfeeding and higher family income.

With regard to the implications for clinical practice,
this review article underscores the importance of health
professionals making the investment to undertake
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longitudinal follow-up of the different areas of a preterm
child’s development, particularly for those born at 30 weeks’
gestational age or less. This monitoring should include
investigation of potential risk factors for developmental
problems with the objective of facilitating identification of
the most vulnerable children and initiating preventative
action including stimulating and activating those factors
that protect development.
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