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Titulo: Las dificultades neuroevolutivas como constructo comprensivo de
las dificultades de aprendizaje en nifios con retraso del desarrollo: una revi-
sion sistematica.

Resumen: Un nimero considerable de estudiantes presenta dificultades de
aprendizaje y bajo rendimiento académico; sin embargo su evaluacién no
siempre deriva en un diagnéstico concreto. Son categorizados como inma-
duros, pero no se determinan ni la naturaleza ni las caracteristicas de sus di-
ficultades. El objetivo fue identificar los dominios evolutivos afectados en
nifios con retraso del desarrollo (RD) y valorar el concepto de dificultades
neuroevolutivas como constructo comprensivo de las dificultades generali-
zadas de aprendizaje. Para ello, se realiz6 una revision sistematica en las ba-
ses electronicas Medline, PsycINFO, WOS, Eric, Dialnet y CSIC vy, tras
aplicar los criterios de inclusién, se seleccionaron 18 articulos. Los resulta-
dos confirman que RD se utiliza como etiqueta diagndstica para caracteri-
zar a nifios con retrasos significativos en uno o varios dmbitos del desarro-
llo, pero no existe una definiciéon de consenso ni criterios especificos para
su diagnéstico, y solo setfa de aplicacién a nifios de corta edad. Los domi-
nios afectados coinciden con funciones neuroevolutivas y, en su etiologfa,
destacan factores de riesgo biolégico y ambiental. Se constata la persisten-
cia en la nifiez de las dificultades neuroevolutivas y su asociacion con las di-
ficultades generalizas en el aprendizaje de aflos escolares, apuntando a las
primeras como constructo explicativo de las segundas.

Palabras clave: Retraso del desarrollo; dificultades de aprendizaje; dificul-
tades neuroevolutivas; discapacidades neuroevolutivas; rendimiento acadé-
mico.

Abstract: A considerable number of students have learning difficulties and
low academic performance, yet their evaluation does not always lead to a
concrete diagnosis. They are categorized as immature, but neither the na-
ture nor the characteristics of their difficulties are determined. The aim of
this study was to identify the developmental domains which are affected in
children with developmental delay (DD) and assess the concept of neuro-
developmental difficulties as a comprehensive construct of generalized
learning difficulties. To this end, a systematic review was carried out on the
electronic databases Medline, PsycINFO, WOS, Eric, Dialnet and CSIC
and, after applying the inclusion criteria, 18 articles were selected. The re-
sults confirm that DD is used as a diagnostic label to characterize children
with significant delays in one or more developmental domains, but there is
no definition of consensus nor specific criteria for its diagnosis, and it is
only to young children. The affected domains coincide with neurodevel-
opmental functions, and biological and environmental risk factors stand
out in their aetiology. The association between a persistence of neurode-
velopmental difficulties in childhood and generalized learning difficulties is
verified, suggesting that the former are an explicative construct of the sec-
ond.

Keywords: Developmental delay; learning disabilities; neurodevelopmental
difficulties; neurodevelopmental disabilities; academic achievement.

Introduction

Learning difficulties (LD) and their impact on academic
achievement (AA) continue to be a major problem in educa-
tion. Significant numbers of students are found to have
some kind of difficulty or delay in one or more academic ar-
eas which they cannot overcome, despite the efforts and per-
severance of parents and educators. These children are cate-
gorized as having Academic or Educational problems (American
Psychiatric Association-APA, 2014), since they have AA
problems (such as failing exams or having low grades) or
poor performance, but the nature and characteristics of their
difficulties remain to be determined.

They might fall into the category of Neurodevelopmental
Disorders and more specifically, they might be considered to
have a Specific Learning Disorder, which is one that occurs dur-
ing school years and is characterized by persistent difficulties
that impede learning the basic academic skills of reading,
writing and mathematics (APA, 2014).

A specific diagnosis, however, does not always result
from their assessment because the interference that their dif-
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ficulties cause in academic, social and/or personal areas is
insufficient for diagnostic criteria.

Likewise, following the proposals of the APA (2014),
Borderline Intellectnal Functioning (BIF) or Global Developmental
Delay (GDD) could be the cause of the serious difficulties
that students have in coping with curricular demands.

On the one hand, BIF is a scientifically accepted category
that groups together children with a slow learning pace, nev-
ertheless, at least two aspects must be taken into account for
it to be considered as a diagnosis. The first of these is that
BIF tends to have similar connotations to those of mild in-
tellectual disability (Artigas-Pallares, Rigau-Ratera & Garcia-
Nonell, 2007); however, the two are not the same and distin-
guishing them requires a careful assessment of intellectual
and adaptative functions (APA, 2014). Secondly, as high-
lighted by Artigas-Pallares & Narvona (2011), it is plausible
to believe that a child with low intelligence tends, for exam-
ple, to pay less attention and, consequently, is more prone to
having difficulties in following what is taught. But it is also
possible to assume a correlation in the opposite direction,
that is to say, that since attention, perception, memory and
language are fundamental aspects of intelligence, then if
these are affected, there will be negative repercussions on
this.

On the other hand, GDD is reserved for children under
the age of 5, when they fail to meet expected milestones in
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various fields of intellectual development or they are too
young to take standardized tests, with a re-evaluation being
required after a period of time (APA, 2014). As Campos-
Castell6 (2013) points out, Newurological maturation retardation is
not used to label a situation definitively, as it is plausible to
assume that there will be a “catch-up”. According to the au-
thot, Neurological maturation retardation serves to describe a
wide variety of situations in which the working of the nerv-
ous system (NS) is altered. It is used to define a transitory
situation and if normal maturation is not reached after a cer-
tain period of time, its cronopathic character would be sub-
stituted by a definitive diagnosis of pathological process.

These two labels — GDD and Newurological maturation retar-
dation — are applied in the early years but need to be re-
assessed as the child grows up. Once this has been done,
children who are shown to have a neurodevelopmental dis-
order will be able to receive appropriate psychoeducational
treatment, tailored to their particular problems. For those
who do not have a neurodevelopmental disorder, the ques-
tion should be posed as to whether to maintain the diagnosis
of developmental delay and whether the children will be
guaranteed the support needed to overcome their difficulties.

Early delays develop in very heterogeneous ways. Thus,
after the age of five (at which point the label can no longer
be used), children can be placed along a continuum of sever-
ity which ranges from normotypical development to disabil-
ity. Children who are affected at an intermediate level, in
which certain delays or "neurodevelopmental comparators
(difficulties" persist, are placed in the central part of the con-
tinuum. Such difficulties are not significantly serious, as they
do not meet the diagnostic criteria for neurodevelopmental
disorders, but they do interfere considerably with AA and
school adaptation and may be responsible for generalised
learning difficulties in the school years. It is paramount that
the nature and characteristics of these difficulties be detet-
mined, since clinical and developmental practice requires
clear, precise and differential categories and entities that al-
low neurodevelopmental diagnoses to be propetly construct-
ed.

Bearing this in mind, the aim of this study was to identify
which developmental domains are affected in children with
maturation retardation and to assess the concept of neuro-
developmental difficulties as a comprehensive construct of
generalized learning difficulties.

Method

The search strategy consisted of querying high visibility and
impact databases from the fields of Psychology and Medi-
cine: Medline, PsycINFO, WOS, Eric, Dialnet and CSIC,
and performing a manual search, over the period of this
study, to access material which was not included in electron-
ic databases. The compilation of articles was carried out in
the first trimester of 2017 and included articles published be-
tween 2006 and March 2017.
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In order to identify the largest number of potentially rel-
evant records, the descriptors used were a combination of:
(i) terms selected from the controlled vocabulary or thesau-
rus and (i) free text-terms. These were applied, initially
without filters, in English and in Spanish, both independent-
ly and in combination using the operator AND: [(develop-
ment*; neurodevelopment*) AND (delay; retard*; difficul-
ties; disabilities; dysfunctions; profile; disorders)] and [("neu-
rocognitive difficulties”; “neurocognitive disabilities™;
rocognitive dysfunctions”; “neurocognitive disorders”;
rocognitive profile”) AND (attention; memory; “executive
functions”; learning; education; “psychoeducational inter-
vention”; “learning disabilities”)].

Given the high number of records that were returned for
the terms “neurodevelopmental disabilities”, “neurodevel-
opmental disorders”, “neurocognitive disorders” and “de-
velopmental delay”, the search period was shortened to be-
tween January 2011 and March 2017. Additionally, filters
were applied for language (English and Spanish) and age (2-
12 years) in PsycINFO and in Medline, and for the catego-
ries “Psychology”, “Psychology developmental” and “Neu-
rosciences” in WOS.

Articles were selected in various stages. Firstly the search
results were unified and, after eliminating duplicate records
by means of the Refworks program, those with clearly irrele-
vant titles were discarded. Secondly, two researchers evaluat-
ed the records which had been selected based on their ab-
stract so as to decide whether the complete article should be
consulted, by applying the established inclusion and exclu-
sion criteria. With these results, Kappa was calculated, using
the statistics program IBM SPSS version 23, and a concord-
ance index of 0.521 (p < .001) was obtained, which, accord-
ing to the Landis y Koch Scale (1977) indicates a moderate
agreement. The main discrepancies arose from the number
of records which one of the researchers considered dubious.
This lack of agreement, centred fundamentally on the degree
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of compliance of some of the inclusion criteria, was resolved
in consensus with a third researcher. Finally, the full texts of
the potentially relevant articles were retrieved, and these
were read critically by the three researchers (separately), in
order to apply the established inclusion and exclusion crite-
ria. Queries and disagreements were resolved in group dis-
cussions.

In selecting the articles, the criteria for inclusion were
that they should focus on childhood and relate to: (i) devel-
opmental difficulties and learning difficulties, (if) LD not in-
cluded in diagnostic manuals, (iii) a study group without evi-
dence of neurological anomalies, malformations or senso-
ry/motor deficits, (iv) studies on delays in neurodevelop-
ment and LD and (v) studies on the neurocognitive profile
of children with developmental difficulties.

We excluded research carried out on adults and on chil-
dren with: (i) a documented neurological clinical history (in-
cluding Fetal Alcohol Syndrome), (ii) diagnosis of a major
neurodevelopmental disorder, (iii) motor or sensory disabil-
ity, (iv) genetic alterations or known chromosomal abnor-
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malities and genetic syndromes, as well as hereditary neuro-
logical disorders, (v) chronic medical conditions; and those
who did not contain evidence which was relevant to the re-
search question or were not empirical studies or original re-
search articles.

For each article, information was extracted on the age
range, diagnosis or problem described, the developmental
domains affected and their relationship to learning, the exist-
ence of comparators (experimental and control group) and
the design used. For both the extraction of information and
for the bias risk assessment, the Protocol and proposals of
the Cochrane Handbook for Systematic Reviews of Inter-
vention (Higgins & Green, 2011) were followed. To evalu-
ate the quality of the articles, A Measurement Tool to Assess
Systematic Reviews (AMSTAR) by Shea et al. (2009) was ap-
plied and returned a high score (8 out of a maximum of 11
points). The critical domains proposed in the AMSTAR-2
(Shea et al., 2017) were also considered, with five out of
seven domains achieving a rating of “yes” or “partially yes”;
domains 4 (Risk of bias from individual studies) and 5 (Ap-
propriacy of meta-analytical methods) were not rated. Be-
cause of the heterogeneity of the studies, a narrative analysis
of the information was performed, according to the outcome

4 N

Records identified in the search:
CSIC: n= 230
Dialnet: n= 142
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variables (limitations in developmental outcomes and learn-
ing implications), so there is a possibility of reporting bias.

Results

18 articles were included (see Table 1). The selection process
can be seen in Figure 1. The database search yielded 11,027
records, to which 10 manually identified studies were added.
After eliminating 10,781 due to duplication and/or the title
and another 180 for irrelevant abstracts, 76 articles were se-
lected to be reviewed, with 58 of these eventually being dis-
carded for not meeting the inclusion critetia.

Generally speaking, the studies fell into four broad types
which: (i) focused on major neurodevelopmental disorders
that analyzed developmental delays and their relationship
with restrictions on activity and participation, (i) assessed
very specific environmental risk factors (urbanity, childhood
trauma, etc.), (iii) analyzed exposure to toxins, or (iv) studied
the relationship between social disadvantage and specific de-
velopment problems such as the occurrence of tonic neck
reflex, motor skills, etc. Theoretical reviews were also dis-

carded.

PsycINFO: n= 3.065

Additional records iden-

WOS: n= 3.453 .
Medline: n= 3.616 tified by other sources
Eric: n= 521 (= 10)
v v ’ \
_ Records excluded due to duplication
[ Total number of records (n= 11.037) ] —_—> and by title (7=10.781)
* \ y,
( N 4 N\
Records selected by title —_ Records excluded by abstract
(n=256) (n=180)
& J L )
( . h Studies eliminated for not meeting the
Studies where the full text was analyzed ——-p inclusion criteria (n=58)
(n=176)
\ Y,

Studies included in the quantitive analysis

(n=18)

Figure 1. Flow diagram of the process of systematic review. Adaptaded from “Preferred reporting items for systematic reviews and meta-analysis: The
PRISMA statement.” by D. Moher, A. Liberati, J. Tetzlaff, D.G., Altman, & The Prisma Group, 2009, PLoS Medicine, 6(6), p. 3.
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The results obtained provided information related to
theoretical conceptualization and affected domains and risk
contexts — both biological and environmental.

Conceptual approach

“Developmental delay” (DD) or “global developmental
delay” (GDD) are the dominant diagnostic labels used in
these studies. DD is widely accepted as a general term to
characterize children with significant delays in one or more
domains when compared with peers, and when this signifi-
cance usually entails one to two standard deviations below
the mean from age-appropriate, standardized and normalized
tests (Delgado, Vagi & Scott, 2006, 2007; Perna & Loughan,
2012).

There is however, no consensus on a single definition
(Perna & Loughan, 2012) or on specific diagnostic criteria,
which vary by country (Delgado et al., 2006). In the USA,
although the diagnosis of DD allows children to receive care
during the early years (Delgado et al., 2006, 2007), the age
range is limited to 5-9 years, depending on the State, and as
they mature they must be re-evaluated and labelled with a
particular disability in order to receive specialist care (Delga-
do et al., 2006). Thus, in Florida, the DD diagnosis cannot
be applied to children over the age of 5 and so preschoolers
who have been diagnosed with DD do not have the same
classification as they grow up. (Delgado, 2009). In Brazil,
however, children who are born in vulnerable conditions or
who have some type of delay in their development process
are diagnosed with “global developmental delay” or “neuro-
psychomotor developmental delay”, as there is no standard-
ized classification, and many of them retain this diagnosis for
years even though, it often no longer represents the child’s
actual condition (Dornelas et al., 2016).

Research on the outcomes of children who have been
identified with DD prior to starting school is sparse (Delga-
do et al,, 2006) and, furthermore, is contradictory in terms
of the extent to which delays detected in infancy persist in
early childhood (McManus, Robinson & Rosenberg, 2010)
or develop into other disorders (Perna & Loughan, 2012).
Delgado et al. (2006)’s research supports the idea that the
problems inherent in DD are relatively stable. In fact, in
their study, the majority of preschool children who were
identified as having DD continued to need special education
services during their school years. In contrast, the results of
McManus et al. (20106), suggest that the problems vary widely
and that most are resolved at 24 months. It is possible, as
Perna y Loughan (2012) point out, that some delays are seri-
ous and give rise to persistent development problems or
brain dysfunctions that manifest differently over time in the
development of the nervous system; and some others are
mild, in which case these children run the risk of not being
identified until they reach school age and, consequently, not
receiving early care.

Recent studies indicate that GDD brings together a
complex set of symptoms that span a spectrum of several
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types of problems, with a variety of profiles ranging from
children with normal development to those with significant
problems (Dornelas, et al., 2016). Greater knowledge about
how different domains behave will lead to better judgement
as to which children are most at risk for developmental
problems (McManus et al., 2016).

Developmental domains: neurodevelopmental func-
tions

Children with DD generally have low AA in the school
years and higher grade repetition rates, as Delgado et al.
(2006) indicate.

The most affected domains are:

- Cognitive: Several researchers report low mental pro-
cessing scores (Larroque et al., 2008), worse functioning
in the area of cognition (Mansson & Stjernqvist, 2014) or
lower 1Q in children with developmental delay (Mu, Lin,
Chen, Chang & Tsou, 2008; Perna & Loughan, 2012).
The cognitive domain is confirmed to be the one with
the greatest limitation (De los Reyes-Aragon et al., 2016)
and the one in which delays persist more frequently
(McManus et al., 2016).

- Attention, memory and executive functions. Potharst et al.
(2013) or Perna and Loughan, (2012) report these im-
paired cognitive functions which, once IQ is controlled,
have a significantly lower score in immediate and delayed
visual memory skills.

- Communication and langnage. According to Delgado (2009),
66% of preschool children who were identified as having
DD in fourth grade had some disability and, in 77% of
cases, this involved problems with speech and/or lan-
guage. In the same vein, De los Reyes-Aragon et al.
(2016) also note delay in communication, Takeuchi et al.
(20106) and Potijk, Kerstjens, Bos, Reijneveld, and Winter
(2013) report adverse effects on linguistic development,
Kerstjens et al. (2011) high rates of impaired scores in
communication and Mansson and Stjernqvist (2014) sig-
nificantly lower scores in receptive and expressive com-
munication.

- Motor, visuospatial and visual-motor skills. Several investiga-
tions report general difficulties in motor skills (Dornelas
et al., 2016; McManus et al., 2016) or more specifically, in
the fine motor domain (Kerstjens et al., 2011; Potijk et
al., 2013; Wei et al, 2015), gross (Hsu et al, 2013;
Takeuchi et al., 20106), in both (Mansson y Stjernqvist,
2014) or in visual and motor coordination (Potharst et
al., 2013).

- Psychosocial and  behavioural functioning. Kerstjens et al.
(2011) find higher rates of abnormal scores; Potijk et al.
(2013) delays in personal and social functioning; Nelson
et al. (2016) behavioural difficulties and Takeuchi et al.
(2016) challenges in carrying out age-appropriate behav-
iour.
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Biological risks: prematurity and low birth weight

A large body of research, which reports delays in differ-
ent areas of development, corresponds to studies carried out
on preterm and underweight infants.

Hsu et al. (2013) assessed motor and cognitive functions,
and the presence of minor neurodevelopmental dysfunctions
in 151 children born before the 37th week, at six months of
chronologically corrected age. The results highlighted that
the lower the gestational age, the higher the likelihood of fu-
ture neurological developmental difficulties, specifically mo-
tor and mental delay.

Mansson & Stjernqvist (2014) studied 399 preterm in-
fants (gestational age <27 weeks) and 366 full term babies.
Preterm infants had poorer performance in the areas of cog-
nition, communication (receptive and expressive) and motor
skills (fine and gross) at the age of 2.5. In turn, the extremely
preterm showed generalized functional deficits at 2.5 years
whereas full term babies displayed deficits in specific do-
mains.

Larroque et al. (2008) analysed the neurodevelopment of
2,251 very preterm and extremely preterm children (24-32
weeks of gestation) and of a reference group (born between
weeks 39-40). Very preterm births are associated with neu-
rodevelopmental deficiencies at the age of five and the fre-
quency of cerebral palsy, visual deficiency and hearing defi-
ciency and, the mental processing composite decreased as
gestational age increased. In general, disability was more fre-
quent in those born at 24-28 weeks than at 29-32 and all de-
grees of disability decreased as gestational age increased.

Potharst et al. (2013) compared very preterm and full
term infants on a wide range of neurocognitive functions at
the age of five. Two groups wete evaluated: one of 102 in-
fants born before the 30th week and/or with a birth weight
less than 1,000 g, and another (control group) of 95 infants
born at approximately 37 weeks, with a birth weight of 2,500
g or higher, who attended regular schools. The very preterm
obtained poorer scores in processing speed, focused atten-
tion, visual-motor coordination and in facial and emotional
recognition. As for the executive functions, there was evi-
dence of deficits in the working memory.

Most of the research was centred on very preterm chil-
dren but, according to Kerstjens et al. (2011), few studies
have focused on moderately preterm infants before school
age. This research confirms that at preschool age, the preva-
lence of developmental delay in moderate preterm infants
was 2-fold of that in full-term infants and one-half of that in
eatly preterm infants. In preschoolers, the moderately pre-
term were more likely than full term infants to have fine mo-
tor, communication and personal-social functioning prob-
lems. In these three domains, the difficulties of the moder-
ately preterm were similar to those of the very preterm, but
to a lesser degree. On the other hand, the moderately pre-
term did not have a higher rate of problems associated with
gross motor function or problem-solving when compared
with term born babies, whereas the very preterm did. As the

authors point out, fine motor impairments may well be the
source, at least in part, of writing problems observed in the
upper grades; and, secondly, communication difficulties
would lead to reading and spelling problems as well as re-
duced verbal fluency in adulthood. Other studies focus spe-
cifically on children with extremely low birth weight (<1,500
g.), and how this fact can lead to difficulties at school age.
Mu et al. (2008) evaluated the neonatal findings of children
with extremely low birth weight and how this could influ-
ence 1Q (over or under 90), cognitive function and LD at
the ages of six and eight. The children with a lower gesta-
tional age had a lower global IQ, but no significant associa-
tion was found between this and being small for gestational
age. Similarly, very low birth weight had little influence on
IQ scores at school age. Nevertheless, the authors consider
that the difficulties associated with low birth weight persist
beyond childhood and that these children may experience
cognitive and motor deficits, even if these are not classified
as disabilities, as well as slight deficits in intelligence.

The results obtained by Takeuchi et al. (2016) follow the
same trend in that they identify low weight for gestational
age as a risk factor for DD, even in full term children. When
the children were 2.5 years old, information was collected
from the parents regarding motor and language development
and, when they were 5.5 years old, problems associated with
s social development or attention. Low weight for gestational
age was found to impact negatively on neurodevelopment
(confirming a delay in gross and fine motor development)
and on language at the age of 2.5 and, at 5.5 years, on behav-
ioural development (the ability to listen without showing
restlessness, to remain patient, to express emotions and to
act in a group). These findings contrast, however, with those
of Theodore et al. (2009) who analyzed how low birth
weight influenced intelligence and which socioeconomic,
postnatal, and pregnancy factors were associated with gen-
eral intelligence at age seven. Children with adequate weight
obtained a higher overall IQ score, although the differences
were only marginally significant and disappeared when the
other factors under study were controlled. A low IQ was
found, however, to have a significant correlation with re-
duced parental schooling, the act of having experienced DD
at the age of one and not being the firstborn.

Environmental risk: contextual characteristics

The results of Potijk et al. (2013) show that moderate
prematurity and low socio-economic status are separate risk
factors with multiplying effects on DD in early childhood. In
China, research carried out by Wei et al. (2015) revealed a
high prevalence (40%) of DD in children under the age of
three in poor, rural areas. The children who lived in poor
families, were deprived of learning materials and activities,
and whose carers suffered depression were more likely to
have delays in neurological development, especially in motor
skills (21.4% fine and 18.5% gross) and in problem-solving
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(18.4%). Higher family incomes were a potential protective
factor for child development.

The study by De los Reyes-Aragén et al. (2016) in rural
and low-income municipalities in Colombia follows the same
line. Widespread developmental delay was found to have
17% prevalence, with the most affected domains being cog-
nitive (35.5%) and communication (21.5%). Furthermore,
when analysing the development of delays over time, they
found that they worsened with age, especially in the two
most affected domains (cognition and language).

Nelson et al. (2016) defined, on a nationwide scale, the
large population of young children who were probably not
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comes upon entering nursery school. The aim was to validate
two models: one of academic risk and the other of behav-
ioural risk. The results indicated that both models had the
following risk predictors: higher level of education, parents'
health status, frequency of reading with the child at home
and food insecurity. Finally, McManus et al. (2016) analyzed
the permanence, at two years of age, of DD identified at
nine months. Social variables such as the caregivet's educa-
tion, employment and occupation data were important pre-
dictors of cognitive DD. This highlights the need to develop
eligibility criteria that take into account social variables when
identifying children who are likely to need eatly intervention

eligible for an educational intervention but were nevertheless  services.
at high risk of having poor cognitive and behavioural out-
Table 1. Overview of studies included in the review
Author/s Country Participants Design and instruments Aim Results
and year
Delgado USA 2,046;8-9  Analysis of integrated data To analyze the de- 74% had been reassigned to another diag-
etal. years. from: birth certificate records, velopment of DD nosis at the age of five. 26% were receiving
2006 Children’s Registry and Infor- after five years of regular education in third grade, but had a
mation System (CHRIS) and age. greater probability of repeating.
Public School Records.
Delgado USA 959,148; 3-5 Epidemiological Study. To study the risk of Individually, all of the risk factors, except
etal. years. Birth certificate records from DD associated with maternal age > 35 years, were associated to
2007 the National Center for Health risk factors of the a greater extent with DD, especially low
Statistics and Children’s Regis- child and mother. birth weight. At population level, prema-
try and Information System turity and a low educational level of the
(CHRIS) records. mother were associated with a greater risk
of DD.
Larroque France 2,251 very  Longitudinal cohort study. To investigate neu- 32% of the very preterm obtained mental
etal. preterm and  Instruments: Medical examina- rodevelopment and processing composite scores of <85, and
2008 555 full term  tion, Kaufman Assessment Bat- the use of special- 12% < 70; 5% had severe disability, 9%
infants, 5  tery for Children (K-ABC). ized medical atten- moderate and 25% mild. This was propor-
years. tion. tionally greater in those born between the
24th-28th weeks of gestation.
42% of those born between 24th-28th
weeks and 31% of those born between
29th-32nd, used special health setvices,
compared with 16% of full term infants.
In very preterm children, cognitive and
neuromotor deterioration at 5 years of age
increased with decreasing gestational age.
Mu et al. Taiwan 38 preterm in- Descriptive cohort study. To evaluate neonatal 17 children had an IQ <90 and 21 = 90.
2008 fants with  Instruments: Wechsler Preschool parameters and their The lower the gestational age, the lower
very low birth and Primary Scale of Intelli- influence on IQ, the global IQ. No significant association
weight; 6 and gence (WPPSI) and Wechsler cognitive function was found between low birth weight rela-
8 years. Intelligence Scale for Children- and learning disor- tive to gestational age and 1Q.
Third Edition (WISC-III). ders.
Delgado USA 3,608; 9-10 Children’s Registry and Infor- To analyze the na- DD leads, principally, to specific learning
2009 years. mation System (CHRIS) and ture and course of disorder, mild intellectual disability and

Florida Department of Educa-
tion.

developmental diffi-
culties.

language/speech disorders. Of the 23% of
those identified with DD in preschool,
their development did not enable them to
be classified in any diagnostic category.

For the remaining disorders, the concord-
ance rates between preschool and fourth
grade ranged between: 70% (specific learn-
ing disorder) and 40% (speech/language
disorder).
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Author/s

Country Participants Design and instruments Aim Results
and year
Theodore New Zea- 589 (1,3.5 Longitudinal study based on a To identify the de- No differences were found between intelli-
et al. land and 7 years). case-control design. termining factors of gence at 7 years of age among young chil-
2009 Instruments:  Wechsler Intelli- intelligence at 7 dren according to gestational age.
gence Scale for Children— years of age. Paternal schooling, DD and birth order
Third Editon  (WISC-III), were the main predictors of intelligence at
Denver Revised Pre-screening 7 years of age.
Developmental  Questionnaire
(DDST) and Perceived Stress
Scale (PSS).
Kerstjens  The Net- 512 very pre- Prospective cohort study. To determine the Rate of scores falling outside the normal
etal. herlands term, 927 Instruments: Ages and Stages prevalence and na- range was higher in the moderately preterm
2011 moderately  Questionnaire (ASQ). ture of DD. than in full term infants and lower than in
preterm and the very preterm.
544 full term The most affected domains in the moder-
infants. 43-49 ately preterm: fine motor skills, communi-
months. cation and personal and social function.
Prevalence of DD twice as high in the
moderately preterm compared with full-
term. Being small for gestational age had a
negative effect on development.
Perna &  USA 60 (with and  Study based on a case-control To study the neuro- Children with DD had lower 1Q, but on
Loughan without DD). design. psychological profile controlling this variable, they only had
2012 Instruments:  Clinical interview, of children with ear- lower scores in visual memory than chil-
Wechsler Intelligence Scale for ly  developmental dren with no delay.
Children (4th Edition), delays (motor or Farly delays can increase the risk of a later
Wechsler Individual Achieve- linguistic). diagnosis of ADHD, but not of learning,
ment Test (2nd Edition), Wis- emotional or behavioural disorders.
consin Card-Sorting Test, Chil- The long-term effects of DD show up as
dren’s Memory Test (CMT), relative weaknesses in many children as
Delis-Kaplan Executive Func- opposed to diagnosable disorders.
tion System, and Child Behav-
jour Checklist/ Youth Self-
Report.
Hsuetal. Taiwan 151 (very pre- Prospective cohort study. To investigate fac- 13.2% had dysfunctions at the age of six
2013 term, preterm  Instruments: Bayley Scales of In- tors associated with months, the more preterm, the greater the

and slightly

preterm). 6
months (cot-
rected age).

fant Development 20 Edition

(BSID-1I) and Denver Devel-
opmental  Screening ~ Test
(DDST).

minor neurological
dysfunction and
whether they can be
detected precisely in
high-risk newborns.

proportion.

4.0% had a mental development index of
<70 and 13.2% a psychomotor develop-
ment index of <70. All of those with a
mental development index of <70 also had
a psychomotor development index of <70.
There are tendencies towards mental and
psychomotor delay with decreasing gesta-
tional age, although the difference is not
statistically significant. Subjects with ex-
tremely low birth weight make up half of
those with psychomotor delay and most of
those with mental delay (67%).

Newborns with weights of <1.000 gr. were
significantly more associated with dysfunc-
tions.

Potharst et The Neth- 102 very pre-

al.
2013

erlands

term and 95

full term in-

fants; 5 years
(corrected

age).

Prospective cohort study.
Instruments. Wechsler Preschool
and Primary Scale of Intelli-
gence, 3  Edition (WPPSI-
I1I), Amsterdam Neuropsycho-
logical Tasks (ANT) and pres-
school version of the Stop Sig-
nal Task (SST).

To compare neu-
rocognitive func-
tions in very pre-
term/full term in-
fants, to identify risk
factors for dysfunc-
tions.

The very preterm obtained worse results in
all the functions except for inhibition and
sustained attention.

Variables which differentiated groups: vis-
ual-motor coordination, reaction/attention
time, emotion/recognition of faces and
precision/attention.
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Author/s

Country Participants Design and instruments Aim Results
and year
Potijk et The Neth- 926 moderate- Prospective cohort study. To evaluate the ef- Low socioeconomic status and prematurity
al. erlands ly preterm  Instruments: Ages and Stages fects of moderate ate independent risk factors which have a
2013 and 544 full Questionnaire (ASQ). prematurity and low multiplying effect on DD.
term infants; socioeconomic sta- Low socioeconomic status and lower gesta-
4 years. tus on development. tional age increase the risk of overall de-
velopmental delay and in fine motor,
communication, personal and social skills.
Delays in problem solving are also linked
to (low) socioeconomic status but not to
gestational age.
Minsson Sweden 399 extremely Prospective cohort study. To analyze the ex- The number of preterm infants scoring be-
& preterm and  Instruments: Bayley Scales of In- tent to which ex- low the normal range on all the sub-scales
Stjernqvist 366 full term  fant and Toddler Development, treme  prematurity was significantly greater than the number
2014 infants, 2.5 3t Edition (Bayley-IIT) derives in DD. of full term infants.
years (correct- Prevalence of moderate-severe delay in
ed age). preterm infants: 7.0% (motor delay) to
14.9% (problems in receptive communica-
tion).
Wei et al. China 2,837 (1 Community-based cross- To describe the neu- A greater probability of neurological delays
2015 month to 2.9 sectional study. rodevelopment  of in general, especially in fine motor skills, is

years).

Instruments: Questionnaire about
the home developed from the
UNICEF's 5th Multiple Indica-
tor Cluster Survey (MICS5), the
Zung Self-rating Depression
Scale (ZSDS) and the Ages and
Stages  Questionnaire-Chinese
version (ASQ-C).

childten under the
age of 3 in poor are-
as of China and to
explore  associated
factors.

associated with: lack of toys, caregiver de-
pression, insufficient support for learning
and having more children in the family.

De los Re- Colombia 629; 0-5 years.

Descriptive study.

To analyze the ef-

17% presented generalized developmental

yes- Instruments:  Battelle Develop- fect of poverty on delay.

Aragon et mental Inventory Screening development. The number of cases of delay increased

al. Test 2 (BDI-2). with age, especially in the cognitive, motor

2016 and communicative areas.

Dornelas Brazil ~ 45;7-8 years. Cross-sectional — observational To study functional 66.7% received one or more diagnoses.

etal. study. and developmental Global developmental delay can result in a

2016 Tnstruments: Movement Assess- outcomes in chil- wide variety of outcomes (from normal
ment Battery for Children—2, dren with global de- development to significant problems).
Wechsler Intelligence Scale for velopmental — delay Maternal age, balance problems and the
Children—III, Swanson, Nolan, and the association need for help with cognitive and behav-
and Pelham—IV Questionnaire, between  environ- ioural tasks at school are valuable indica-
Home Environment Resources mental and biologi- tors for determining developmental out-
Scale and Pediatric Evaluation cal factors and their comes.
of Disability Inventory. final diagnosis.

McManus USA 8,700 (9 and Prospective cohort study. To examine the per- Approximately a quarter presented cogni-

etal. 24 months).  Instruments. Bayley Short Form- sistence of DD in tive and/or motor delay, but the DD were

2016 Research Edition (BSF-R). children who did very variable. The majority of the cognitive

not receive

care.

carly

delays identified at 9 months had been re-
solved at 24, but 23% remained stable and
12% had worsened. Motor development
was more likely to develop positively.

Sociodemographic variables (race, socioec-
onomic level) were associated with the

probability of suffering delay.
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Author/s

Country Participants Design and instruments Aim Results
and year
Nelson et  USA 4900 (2  Prospective cohort study. To identify predic- 1,350 were badly prepared for entering in-
al. years). Instruments: Mental and motor tors of academic fant school because of low academic scores
2016 scales from the Bayley Short performance  and or behavioural problems.
Form—Research Edition (BSF- behavioural — prob- Significant predictors of academic and be-
R), adapted from the Bayley lems. havioural problems were the parents’ edu-
Scales of Infant Development— cational level and health, food insecurity
Second Edition, direct and shared reading time.
measures of eatly literacy and Low grades were linked to the ability to
mathematics adapted from val- combine words at the age of two, parents’
idated tools (Peabody Pictutre expectations regarding the educational
Vocabulary Test and PreLAS achievement of their children, socioeco-
2000), externalization subscale nomic status, family history of LD and
from the Preschool and Kin- housing quality.
dergarten  Behavior  Scale Poor preparation for school due to behav-
(PKBS). ioural problems was linked to: the sex of
the child, single parent families, a history of
depression and smoking in the parents, and
the quality of the neighbourhood.
Takeuchi Japan 46,563; 2.5 Prospective cohort study. To investigate the Infants who were small for their gestational
et al. and 5.5 years. Instruments: Maternal and Child neurological devel- age were more likely to have DD in all
2016 Health Handbook. opment of full term domains. Small size for gestational age had

children who were
small for their gesta-
tional age.

an adverse effect on long-term neurological
development.

Note: DD= Developmental delay; LD= Learning disabilities
Discussion

The results reveal: that “Developmental delay” or, less fre-
quently, “Generalised Developmental Delay” are the diag-
nostic labels which bring together research that focuses on
the difficulties or limitations presented by children with re-
gard to developmental domains; that in most countries, these
categories are only applied to young children; that there is a
lack of consensus on a single definition; that the target popu-
lation is preterm and underweight children and (to a lesser
extent but with growing interest) children who grow up in
less-favoured environments; and, finally that the develop-
mental domains which are especially affected are: cognition,
attention, memory, executive functions, communication and
language, motor skills, visuospatial and visual-motor skills
and psychosocial and behavioural functioning.

The definition of DD, as a below-average rate of devel-
opment, is intuitive but also imprecise. This concept needs
to be made operational but, as Aylward (2009) points out,
this is no simple task. Proof of this is that, for example, in
the USA, depending on the State, more than 20 different
definitions of delay are used to determine eligibility for early
intervention services (Rosenberg, Robinson, Shaw & Ellison,
2013).

The diagnosis of DD provides a viable solution for chil-
dren with nonspecific delays who do not meet the criteria
for the more traditional disability categories (Delgado et al,,
2006) and allows for care to be given during the eatly years
(Delgado et al., 2007). Its identification and eatly interven-
tion can improve areas of weakness and, perhaps, reduce the

risk of subsequent diagnoses (Perna & Loughan, 2012).
Nonetheless, limiting the age range to 5-9 years entails that
in order to receive special attention as they mature, they
must be reassessed and labelled with a particular disability
(Delgado et al., 2006). The majority continue to require spe-
cial education services (Delgado et al., 2006) and some are
re-classified, with the most common categories being: specif-
ic learning disabilities, speech or language impairment and
educable mental handicap (Bernheimer, Keogh & Coots,
1993; Delgado et al. 2006; Keogh, Coots & Bernheimer,
1996). Others, however, do not match diagnostic categories,
which leads to their problems being minimized and a lack of
provision of adequate care, even though throughout their
childhood they demonstrate less readiness for school and
are at a greater risk of poor school performance (Montes,
Lotyczewski, Halterman, & Hightower, 2012; Romano, Bab-
chishin, Pagani & Kohen, 2010), as well as having deficits in
activity, poorer adaptation and decreased participation in
school (Leung, Chan, Chung & Pang, 2011). Therefore, both
the children identified in childhood with DD (but who do
not meet the criteria for a neurodevelopmental disorder to
be diagnosed in later years) and those who at school age are
given an imprecise diagnosis such as being immature, absent-
minded or even lazy, must be assumed to have developmen-
tal problems that interfere with their learning and must be
assigned to a diagnostic category in order to provide them
with treatment that meets their needs.

DD in the eatly years is associated with limitations in
cognition, attention, memory, executive functions, commu-
nication and language, motor skills, visuospatial and visual-
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motor skills, and psychosocial and behavioural functioning.
These difficulties are related to neurodevelopmental func-
tions that can be considered responsible for the children's
low academic performance and problems with adapting to
school, and, as Masten et al., (2004) point out, should be
considered independently but also holistically, as delay in one
domain often has cascading effects on other areas of child
health and development, with long-lasting repercussions on
AA, health and future opportunities (Obradovic, Burt, &
Masten, 2010; Shonkoff, 2011). Despite this, the plasticity of
the infantile brain is widely acknowledged and a neurocon-
structivist approach should be adopted.

Neuropsychological approaches suggest that deficits at a
basic level directly affect one or more "modules" but have
little impact on the rest of the system; in contrast, a neuro-
constructivist approach assumes that deficits at a basic level
have cascading effects that alter interactions within and be-
tween networks (D Souza & Karniloff-Smith, 2017). Neuro-
constructivism therefore calls for researchers to adopt a spe-
cifically developmental approach, which revolves around
change over time, in order to understand the interactions be-
tween the genetic, cellular, neuronal, cognitive, behavioural
and environmental levels of description of development and
its alterations.

This is critical to discovering how an initial change in one
domain and at one level of analysis can, over time, influence
the others.

An integrative and multidimensional approach must also
be adopted in the understanding of the aetiology of DD. In
addition to the risk factors for DD in childhood which de-
rive from biological fragilities, such as prematurity or low
birth weight, (Ballantyne, Benzies, McDonald, Magill-Evans
& Tough, 2016; Sansavini, Guarini & Savini, 2011; Spittle et
al,, 2017), environmental factors must also be taken into ac-
count, such as low parental education (Charkaluk et al., 2017;
Hillemeier, Morgan, Farkas & Maczuga, 2011), the lack of a
family structure (Kayrouz, Milne & McDonald, 2017),
monthly income (Hillemeier et al., 2011) and the number of
children (Ozkan, Senel, Arslan & Karacan, 2012) or, in gen-
eral, child poverty (Dickerson & Popli, 2016; Najman et al.,
2009). In fact, as Wei et al. (2015) point out, these factors are
associated with adverse experiences at an eatly age, such as
inadequate stimulation or excessive stress, and exposure to
multiple risks which affect brain development. Similarly,
households with more opportunities and stimulants are
linked to better motor and cognitive development (Mique-
lote, Santos, Cacola, Montebelo & Gabbard, 2012).

For this reason, McManus et al. (2016) suggest the pro-
cedures for identifying the children who will have or will de-
velop persistent delays could be improved by the use of de-
mographic information about the family. This is especially
relevant if, as Pereira, Valentini & Saccani (2016) point out,
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although different factors can influence child development,
in the long term environmental factors prevail over individu-
al factors.

Conclusions

This systematic review helps to demarcate what DD and
GDD are, as well as, in the case of DD, to clarify its aetiolo-
gy and to specify which neurodevelopmental functions are
involved, thereby allowing its repercussions on learning dif-
ficulties to be analyzed.

The results are important for three reasons. In first place,
given the importance of identifying these children early on
so as to avoid or mitigate adverse effects on development
and learning, they demonstrate the need for their evaluation
as a diagnostic category not only in infancy but also in child-
hood, throughout their years of primary schooling. Secondly,
they underline the need to work on neurodevelopmental
functions as basic tools for learning in the field of psy-
choeducational intervention and to adopt a neuroconstruc-
tivist model as a framework, challenging current paradigms
that focus exclusively on intervention in particular processes.
Finally, they assess the impact not only of biological factors
but also of characteristics and variables relating to the family
for their medium- and long-term consequences.

The association between neurodevelopmental difficulties
and general learning difficulties and their continuation in
childhood atre highlighted as implications, pointing to the
former as an explanatory construct of the latter. The concept
of neurodevelopmental difficulties would encompass a broad
spectrum of deficits with different degrees of severity that,
when interacting with each other, give rise to a variety of
profiles. Regarding limitations, we should mention that on
one level (that of study) there is a "reporting bias", as we re-
port, selectively, on research that analyzes the impact on
learning of children with developmental delay. At another
level (that of review), the studies used focus on at-risk popu-
lations, there have been no retrospective studies linking LD
to developmental limitations, and few studies looking at me-
dium and long-term implications in children with DD not
included in the category of disorders.

Finally, understanding the prevalence of this problem
will help professionals to anticipate likely or potential diffi-
culties, to develop expectations, to communicate infor-
mation to parents and educators, and to plan and manage re-
sources to provide care measures tailored to the needs of
these children. All this may imply the need for further train-
ing, hence the need for future research with large samples so
as to better understand the stability and nature of deficits
and assess their effectiveness as a diagnostic category.
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