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PRESENTACION

e —

e

La presente tesis retne y consolida el resultado de tres trabajos que forman
parte de una linea de investigacion que se inici6 hace mas de 10 afios en forma
paralela en Santiago de Chile y Barcelona, Catalufia. Esta linea de investigacion
tiene una vertiente fundamentalmente clinica, relacionada con la validacion de un
Cuestionario de Cribado del Desarrollo Psicomotor Infantil basado en el Reporte de
Padres o Cuidadores principales (CCDRP), como es el Ages and Stages
Questionnaire (ASQ). Secundariamente, posee una vertiente metodologica que

coloca énfasis en las medidas de asociacion para analisis de validez predictiva.

En las siguientes paginas se pone en contexto la importancia de la
monitorizacion del desarrollo psicomotor durante los primeros 5 afios de vida, a
través de instrumentos estandarizados, y la confiabilidad de los CCDRP. Se
analizan los estudios de validacién del ASQ en distintos contextos culturales y
clinicos, y se realiza una resefia acerca de los antecedentes de su validacion en

Santiago de Chile y en Barcelona.

Si bien el uso del ASQ es cada vez mas difundido a nivel internacional, hay
aun algunas brechas de conocimiento, entre las cuales, para elaborar este trabajo

de tesis, se consideraron las siguientes:

* El ASQ ha sido utilizado en Barcelona para conocer el pronéstico de los nifios
gue nacen prematuros tardios, con y sin patologia perinatal; no obstante, no

habia sido analizada la confiabilidad del instrumento en esta poblacion.
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* En Chile, el ASQ fue validado en nifios de distintas edades; no obstante, faltaba

evidencia acerca de su validez predictiva a més largo plazo.

¥ Si bien hay estudios que analizan la capacidad de los CCDRP para predecir el
rendimiento cognitivo o académico en la edad escolar, este conocimiento no

habia sido sistematizado.

Por lo tanto, el propdsito de la tesis es ampliar la evidencia acerca de la
validez y confiabilidad de los CCDRP, especificamente del ASQ, y analizar su

capacidad predictiva a largo plazo.

Establecidos los tres objetivos generales de cada una de las investigaciones
que se entrelazan para dar repuesta al propdsito de la tesis, se presenta la
metodologia utilizada para responder a cada uno de ellos, los resultados y se

discute el alcance de ellos en la toma de decisiones y proyecciones.
Los trabajos que constituyen esta tesis son tres:

El primero evalla la validez y confiabilidad del ASQ en espafiol en Barcelona y

su capacidad predictiva para nifios entre los 2 y 4 afios.

El segundo analiza la validez predictiva del ASQ validado en Chile, para las

dificultades cognitivas en la etapa escolar.

El tercero, a través de una revision sistematica de la literatura, estudia la
capacidad del ASQ y otros CCDRP para predecir las dificultades cognitivas o

académicas a largo plazo, en poblacién general.

El andlisis de los 3 objetivos, en su conjunto, permite la consolidacion del

conocimiento.
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RESUMEN

Antecedentes: Los Cuestionarios de Cribado del Desarrollo Basados en el Reporte
de Padres o Cuidadores (CCDRP) han ganado cada vez mayor difusion. De estos,
el mas conocido a nivel mundial es el Ages and Stages Questionnaire (ASQ),
instrumento que se ha utilizado en Cataluiia y validado en Chile, existiendo una
brecha en cuanto al conocimiento de su capacidad predictiva a mas largo plazo.
Objetivo: Determinar la confiabilidad y validez predictiva del ASQ para el cribado de
dificultades del desarrollo.
Métodos: Se realizaron tres trabajos de investigacion:
Una cohorte prospectiva de 321 nifios nacidos en el SCIAS - Hospital de
Barcelona, con el objeto de evaluar la confiabilidad de los cuestionarios
aplicados a los 24 meses de edad corregida y 48 meses de edad cronoldgica
del ASQ-3 en espafiol y la correlacion entre ambas evaluaciones.
Una cohorte de 227 nifios controlados en Clinica Alemana de Santiago de Chile,
con el objetivo de estudiar la validez predictiva del ASQ aplicado a los 8 y 18
meses de edad cronoldgica en nifios nacidos a término y edad corregida en
prematuros, o de 30 meses de edad cronoldgica, para detectar los nifios que
tendran déficit cognitivo en la etapa escolar.
Finalmente se realizd6 una revision sistematica de la literatura para analizar la
capacidad del ASQ y los CCDRP para predecir bajo rendimiento cognitivo o
académico en nifios de poblacion general.
Resultados: En Barcelona se evidencié que el ASQ es un instrumento confiable para
el cribado del desarrollo psicomotor (alfa de Cronbach para el puntaje global

0,78/0,79), existiendo una correlacion positiva y significativa entre las evaluaciones
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realizadas a los 24 y 48 meses. La presencia de dos o0 mas dominios en zona de
riesgo a los 24 meses fue predictor de déficit del desarrollo a los 48 meses (Odds
Ratio (OR) =140 [95% IC 14,85;3575,65]).

En Chile, la capacidad predictiva del ASQ para identificar aquellos nifios que
tendian menor rendimiento cognitivo en la etapa escolar fue satisfactoria (area bajo
la curva (AUC) 0,77 [IC95% 0,65- 0,89]) y comparable con la prueba diagnéstica de
referencia [p=0.58]. Considerando al menos un dominio en zona de riesgo, la
sensibilidad fue de 66,7% y la especificidad de 71,7%.

Finalmente, a través de una revision sistematica de la literatura se

identificaron ocho cohortes evaluadas con ASQ que reportaron asociaciones en
general “positivas” entre la evaluacion temprana del desarrollo y el rendimiento
cognitivo o académico posterior, con AUC entre 0.66 y 0.87, y OR superiores a 3.
Un efecto en espejo se encontro al revisar la sensibilidad y especificidad de las
cohortes. La heterogeneidad de los estudios no permitio realizar un metaanalisis ni
analisis de subgrupos.
Conclusiones: ElI ASQ es confiable y tiene una adecuada correlacién y capacidad
para predecir las dificultades del desarrollo de nifios entre los dos y cuatro afios en
Barcelona. A mas largo plazo, en Chile, se demostré6 que las evaluaciones
realizadas a los 8, 18 y 30 meses tienen adecuada capacidad predictiva de las
dificultades cognitivas en la etapa escolar.

Estos resultados fueron corroborados a través de una revision sistemética de
la literatura. Se requieren estudios adicionales para conocer el impacto de las
distintas adaptaciones, los diferentes contextos socioculturales, factores de riesgo
bioldgicos y las edades de evaluacion, en la capacidad predictiva del ASQ, como de

los CCDRP.

10
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ABSTACT
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e

Introduction: Parent/caregiver completing developmental screening questionnaires
(DSQs) have become increasingly widespread. Worldwide, the most well-known is
the Ages and Stages Questionnaire (ASQ), an instrument that has been used in
Catalonia and validated in Chile; however, there is a gap in the knowledge of its

predictive capacity in the longer term.

Objective: To determine the reliability and predictive validity of the ASQ for the

screening of developmental difficulties.

Methods: Three research studies were carried out. A prospective cohort of 321
children born at the SCIAS - Hospital in Barcelona, in order to evaluate the reliability
of the questionnaires administered at 24 months of corrected age and 48 months of
chronological age of the ASQ-3 in Spanish and the correlation between both
evaluations. A cohort of 227 children seen at Clinica Alemana de Santiago, Chile,
to study the predictive validity of the ASQ applied at 8 and 18 months of chronological
age in full-term children and corrected age in preterm, or 30 months of chronological
age, to detect children who will have cognitive deficits at school. Finally, a systematic
review of the literature was carried out to analyze the ability of the ASQ, and other
DSQs, to predict low cognitive or academic performance in children of the general

population.

Results: In Barcelona, it was observed that ASQ is a reliable instrument for
psychomotor development screening (Cronbach's alpha for the global score
0.78/0.79), with a positive and significant correlation between the assessments

made at 24 and 48 months. The presence of 2 or more domains in the risk zone at

11
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24 months was predictive of developmental deficit at 48 months (Odds Ratio (OR)
=140 [95% CI 14.85;3575.65]). In Chile, the predictive ability of the ASQ to identify
children with lower cognitive performance at school was satisfactory (area under the
curve (AUC) 0.77 [95% CI 0.65- 0.89]) and comparable with the reference diagnostic
test [p=0.58]. Considering at least one domain in the risk zone, it presented a 66.7%
sensitivity and 71.7% specificity. Finally, through a systematic review of the
literature, we identified 8 cohorts evaluated with the ASQ that reported overall
"positive" associations between early developmental screening and later cognitive
or academic performance, with AUC between 0.66 and 0.87, and OR higher than 3.
We observed a mirror effect when reviewing the sensitivity and specificity of the
cohorts. The heterogeneity of the studies did not allow meta-analysis or subgroup

analysis.

Conclusions: The ASQ is reliable and has an adequate correlation and capacity to
predict developmental difficulties between two and four years of age in Barcelona.
In the longer term, in Chile, it was demonstrated that the assessments performed at
8, 18, or 30 months have an adequate predictive capacity of cognitive difficulties in
the school stage. These results were corroborated through a systematic review of
the literature. Further studies are needed to determine the impact of different
adaptations, sociocultural contexts, biological risk factors, and assessment ages on

the predictive ability of the ASQ, such as parent-repot DSQs.

12
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INTRODUCCION

e

Los primeros 5 afios de vida son reconocidos como un periodo critico para la
fundacion de habilidades cognitivas y aprendizaje escolar *. Las deficiencias en el
desarrollo psicomotor (DSM) tienen un importante impacto en la sociedad en

términos de costos en salud, soporte educacional y servicios de apoyo * °.

Los déficits del desarrollo engloban un grupo heterogéneo de condiciones
cronicas definidas por la presencia de dificultades en el funcionamiento fisico,
conductual o cognitivo, detectadas en los primeros afios de vida, y asociadas a
discapacidad y/o problemas cognitivos o del aprendizaje en la etapa escolar /. Se
estima que 1 de cada 6 nifios podria tener alguna dificultad en el DSM &°, siendo
esta condicibn méas prevalente en nifios que nacen con factores de riesgo
ambientales, como es la pobreza multidimensional; o con factores biolégicos, como
son las condiciones genéticas, la prematuridad y las enfermedades perinatales,

condiciones que se potencian entre si ',

La identificacion de los nifios con dificultades del DSM representa un
verdadero desafio para los profesionales de salud, especialmente en nifios que no
tienen factores de riesgo, debido a que la impresion clinica es subjetiva y poco
sensible para este fin '’ '8, Por este motivo, la Academia Americana de Pediatria
(AAP), al igual que otras sociedades cientificas, recomiendan la monitorizacion del

desarrollo mediante escalas estandarizadas en los controles de supervisién de

13
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salud de lactantes y preescolares en forma regular y seriada, debido a la posibilidad

de emergencia de dificultades en areas especificas a lo largo de la infancia ** ?°.

A nivel mundial se han desarrollado distintas pruebas de cribado del DSM,
gue se diferencian en su adecuacion cultural, énfasis y modalidades de aplicacion.
Entre estas, destacan los cuestionarios de cribado del desarrollo basados en el
reporte de padres o cuidadores (CCDRP), que corresponden a los instrumentos
recomendados en la Ultima guia de supervision de salud de la AAP del 2020 °°: Ages
and Stages Questionnaires (ASQ) ?*; Parents’ Evaluations of Developmental Status
(PEDS) con su actualizacién PEDS: Developmental Milestones (PEDS:DM) 2% %3 y
Survey of Well-being of Young Children (SWYC) #*. Entre las distintas escalas de
cribado del desarrollo, la mas utilizada en EEUU es el ASQ “° 25, instrumento que
ha sido adaptado, validado y utilizado en distintos paises, incluyendo Chile y

Espafia?’.

El ASQ fue desarrollado en la Universidad de Oregon en los afios ochenta y
actualizado el 2009, como ASQ-3. Este instrumento se ha adaptado y utilizado en
varios paises, en distintos contextos culturales y socioecondmicos, y en nifios con
distintos riesgos bioldgicos “43. Los estudios de validacion del ASQ en Chile (ASQ-
Cl) incluyeron distintos andlisis de confiabilidad y validez convergente y de
constructo “% *' 32 ademas de un andlisis preliminar de su validez para predecir el
coeficiente cognitivo en los primeros afios de educacion escolar en una muestra de

nifios de nivel socioecondémico medio alto, atendidos en Clinica Alemana 2.

14
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Por otro lado, en el Hospital SCIAS - Hospital de Barcelona, que también
atiende familias pertenecientes al estrato socioecondémico medio alto, se empezé a
aplicar la version del ASQ tercera edicion (ASQ-3) en espafiol, traducido por la
editorial Brookes Publishing, en nifios nacidos prematuros tardios y nifios nacidos a
término, demostrandose la validez de constructo del instrumento, al discriminar

entre grupos de mayor riesgo de presentar dificultades del desarrollo 2% =0,

En este contexto, el proposito de esta tesis es determinar la validez y
confiabilidad del ASQ, como CCDRP y analizar su capacidad predictiva a largo

plazo.

Generalidades del Cribado del Desarrollo Infantil

La importancia de la pesquisa temprana del déficit del DSM radica en la
posibilidad de implementar una intervencién oportuna y efectiva 43¢, Por este
motivo, distintas sociedades cientificas recomiendan monitorizar el desarrollo
durante los controles de supervision de salud de lactantes y preescolares, usando
instrumentos estandarizados y validos a edades especificas. Es asi como la AAP
recomienda la aplicacién de escalas de cribado a las edades de 9, 18 y 30 a 36
meses, y luego reevaluar entre los 4 y 5 afios *° ?°. En el programa de salud infantil
de Chile se realiza el cribado del desarrollo a las edades de 8, 18 y 36 meses *'.
Por su parte, en el programa de salud de Inglaterra, se aplican las escalas de

cribado del desarrollo entre los 24 y 30 meses *.

15
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Esta recomendacion es especialmente relevante en nifios de mayor riesgo,
como son los prematuros, debido a que este grupo es menos estable en su
desarrollo, pudiendo emerger dificultades en la etapa escolar, especialmente en las
areas cognitivas ’ *°!, Los prematuros son aquellos nifios que nacen antes de las
37 semanas de gestacion: se clasifican como tardios (34-36 semanas y 6 dias),
moderados (32-33 semanas y 6 dias) y extremos (<32 semanas). Al evaluar el
desarrollo DSM en nifios prematuros, se recomienda corregir la edad, restando a la
edad cronoldgica, el nimero de semanas de nacimiento antes de las 40 semanas
de gestacion “°. Si bien hay debate al respecto, en prematuros se recomienda la
aplicacion de las escalas de evaluacion de desarrollo segun edad corregida hasta

los 2 afios de vida *3 44,

En la evaluacibn comprensiva del DSM se han determinado 3 etapas
fundamentales: la vigilancia del desarrollo, la monitorizacion del desarrollo con
escalas de cribado estandarizadas, y, por ultimo, las pruebas diagnésticas de

dificultades del desarrollo *° (Tabla 1).

La Vigilancia del desarrollo es el proceso informal de indagacion de
preocupaciones de los padres, observacion de la conducta y de las habilidades de
los nifios e identificacion de los factores de riesgo, realizada por un profesional
durante el control de supervisién de salud % ?°, Este es un proceso continuo y
flexible, basado fundamentalmente en el juicio clinico, conocimiento vy
entrenamiento del profesional; con la desventaja de ser poco confiable y carecer de
estandarizacion y de validez ' %>, En una revisién retrospectiva, Corrigan y cols

demostraron que tan solo el 6% de los nifios con dificultades de aprendizaje habian

16




VALIDEZ PREDICTIVA DEL AGES AND STAGES QUESTIONNAIRE;
U '_‘ B UN CUESTIONARIO DE CRIBADO DEL DESARROLLO PSICOMOTOR INFANTIL

sido detectados a través de la vigilancia del desarrollo realizada en la etapa

preescolar “°,

Por su parte, la monitorizacién del desarrollo se realiza a través de un cribado
con escalas estandarizadas que pueden ser administradas por un profesional
entrenado, o bien basarse en el reporte de padres o cuidadores, como son los
CCDRP. Su propésito es identificar en forma objetiva aquellos nifios con posibles
deficiencias en el DSM, es decir, nifios que no adquieren las habilidades en las
ventanas de tiempo esperadas ' ?°. El uso de CCDRP ha incrementado de forma
importante en los Ultimos afios a nivel mundial > 2% %/, logrando cada vez mayor
aceptacion entre los profesionales, debido a su bajo costo, el poco tiempo que
demanda y el involucramiento de los adultos responsables del cuidado y

estimulacion de los nifios 8 9,

La AAP y otras sociedades cientificas, plantean que, un nifio que fracasa en
el cribado del desarrollo debe ser evaluado con una escala diagnéstica, con el fin
de confirmar o descartar la deficiencia del DSM y establecer un plan de intervencion
oportuno *° 29 51 A diferencia de las escalas de cribado, las escalas diagnésticas
son de mayor costo ya que requieren de una bateria de instrumentos que deben ser
aplicados por profesionales entrenados. Estas escalas son ampliamente utilizadas
tanto en la atencion clinica como en la investigacion, al considerarse como patrén
de referencia en la validacién concurrente de las pruebas de cribado °?. Entre ellas,
la mas utilizada para la evaluacion de nifios menores de 4 afios es la Escala de

Bayley de desarrollo infantil °3.
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BASADO EN EL REPORTE DE PADRES O CUIDADORES PRINCIPALES

Tabla 1: Proceso de cribado de dificultades del Desarrollo Psicomotor

PROCEDIMIENTO ‘ GRUPO BLANCO

Vigilancia Clinica
del desarrollo

Todos los nifios en
los controles de
supervision de
salud.

OBJETIVOS

Promocién de la
salud y el
desarrollo, del
cuidado paterno,
identificacion de
factores de riesgo
y elementos de
sospecha de
dificultades del
desarrollo.

METODOS

Proceso de
identificacion de nifios
en riesgo de presentar
dificultades en su
desarrollo
fundamentadas en el
juicio clinico y logro de
hitos, sin emplear
pruebas
estandarizadas.

Todos los nifios a

Identificar aquellos
nifios que deberian

Empleo de escalas
estandarizadas para

Diagnosticas

déficit o cribado
alterado.

desarrollo del nifio
para establecer
plan de manejoy
seguimiento.

recibir una detectar aquellos
: edades o o :
Cribado del especificas evaluacion nifos con riesgo de
Desarrollo ' diagnostica mas déficit del desarrollo.
especializada,
verificar las
preocupaciones de
los padres.
Proveer una Herramientas
Nroscon | geleds | estandayuades
sospecha de S . -
Pruebas P categorizacion del | diagnéstico de las

dificultades del
desarrollo.

Figura adaptada de Schonhaut L y Armijo I.
Aplicabilidad del Ages & Stages Questionnaires para el tamizaje del desarrollo psicomotor.
Revista Chilena de Pediatria 2014;85 (1):12-21

Cuestionarios de Desarrollo basados en el Reporte de Padres o Cuidadores

Los CCDRP recomendados por la AAP 2020 “° son el ASQ, PEDS, PEDS:
DM y SWYC. Ni en Chile ni en Espaia existen pruebas validadas de reporte de
padres, por lo que, en ambos paises se comenzé a utilizar y validar las pruebas

recomendadas por la AAP.
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El Parents’ Evaluations of Developmental Status (PEDS) ?? consiste en una
serie de 10 preguntas que indagan sobre la preocupacion parental en relacion a
diferentes aspectos del desarrollo de los nifios, incluyendo los dominios de lenguaje
expresivo y comunicacion, motricidad fina y gruesa, autoayuda, comportamiento,
desarrollo socioemocional, desempefio académico y salud en general. Este
cuestionario ha sido traducido a varios idiomas y se ha utilizado ampliamente a nivel
mundial en poblaciéon general y muestras clinicas °>* °°. El afio 2008 se validé una
version modificada PEDS: Developmental Milestones (PEDS: DM) que incorpora

preguntas especificas acerca del desempefio de los nifios “°.

El Survey of Well-being of Young Children (SWYC) ?* es una serie de 12
cuestionarios breves para edades especificas, que incluye los dominios cognitivo,
lenguaje y habilidades motoras, validado el 2013 en EEUU. Este cuestionario ha
sido validado en poblaciones nativas y, a nivel internacional, fue traducido al

portugués °° >/,

El Ages and Stages Questionaire (ASQ), se encuentra en su tercera
validacion del 2009 (ASQ-3), que consiste en una serie de 21 cuestionarios para ser
aplicados diferencialmente a nifios desde los 2 meses hasta los 5 afios. Cada
formulario consta de 5 dominios, de 6 preguntas cada uno, que evaltan diferentes
ambitos del DSM: como son comunicacion, motricidad fina, motricidad gruesa,
resolucion de problemas y relaciones interpersonales. Al final, hay una seccion de

7 preguntas abiertas destinadas a indagar posibles preocupaciones de los padres.
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El ASQ ha sido adaptado en varios idiomas, paises, contextos culturales y en
muestras de nifios con distintas caracteristicas clinicas y demograficas 2/ -9, Se
ha implementado para el monitoreo de nifios con desarrollo tipico, y también en el
seguimiento de nifios con factores de riesgo biolégico como son los antecedentes

de encefalopatia hipéxico-isquémica o prematuridad 3% 61-5,

El ASQ originalmente fue creado para ser completado por los padres o
cuidadores principales, no obstante, de acuerdo con las diferentes realidades, ha
sido adaptado con distintas variaciones, como es la asistencia de trabajadores de
campo en comunidades de alta vulnerabilidad social, como fue la validacion de
Colombia, India o Nepal °5%®y la aplicacion por los educadores de nivel preescolar
en Brasil °°.Por otro lado, se ha completado en distintos escenarios, como son las
visitas domiciliarias, salas de espera, jardines infantiles y por via electrénica ©% 67 69
0, sin que se haya determinado cémo estos contextos influyen en la confiabilidad
de las respuestas. Otras actualizaciones del instrumento incluyen formas
abreviadas, en que sélo se utilizan algunos de los dominios, o la forma extendida

(EASQ), que incorpora mas preguntas por dominio °° %,

Otro aspecto en discusion es la definicion de riesgo de déficit del DSM segun
ASQ. Si bien la validacion original recomienda considerar a un nifio en déficit si tiene
al menos un area bajo el punto de corte %, otros investigadores han demostrado
una mayor especificidad si se consideran 2 o mas dominios bajo el punto de corte
o con el puntaje total %> /% 73, mientras que si se incorpora la dimensién de preguntas

abiertas aumenta la sensibilidad ’=.
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Precision de los Cuestionarios del Desarrollo Basadas en el Reporte de

Padres

En estudios concurrentes, los CCDRP reportan valores de sensibilidad y
especificidad del orden del 70%, lo que cumple con las recomendaciones de la AAP
para un cribado del desarrollo '°. En una revision sistematica de las validaciones del
ASQ 24 -30 meses, Velikonja y cols. reportaron que los estudios de validez
concurrente del ASQ mostraron en general valores positivos, siendo estos
resultados mas consistentes en las versiones que respetan la forma original que en

las versiones adaptadas a otros idiomas y culturas °%.

Estudios que comparan el ASQ con el PEDS describen una discordancia
substancial entre ambos #7¢. Por su parte, el SWYC mostré una moderada a alta
correlacion con todas las formas del ASQ-3 ?*. En una investigacion reciente,
Sheldrick y cols. compararon los 3 CCDRP, reportando adecuada especificidad,
pero baja sensibilidad para la deteccion de dificultades concurrentes del desarrollo,
en una muestra de nifios de 9 a 60 meses, sin poder demostrar claras ventajas de

uno de los cuestionarios sobre los demas 7.

Son escasos los estudios prospectivos que analizan la capacidad predictiva
de los CCDRP para detectar a aquellos nifios que tendran dificultades cognitivas o
académicas posteriormente 3 5% 78 79 En una revision sistematica que analizé la
precision de las escalas de evaluacion de comportamiento y lenguaje, Sim y cols.
demostraron una excelente validez predictiva, siendo mejor los CCDRP

comparados con las escalas administradas en forma directa por profesionales °, lo
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gue puede ser explicado porque los padres supervisan constantemente a sus hijos
y son quienes mejor los conocen. Por otra parte, se han publicado dos metaanalisis
sobre la validez predictiva de pruebas diagnosticas del desarrollo psicomotor en
prematuros extremos para identificar a aquellos nifilos que tendran problemas
cognitivos en la edad escolar, describiéndose baja sensibilidad, pero elevada

especificidad y correlacién, especialmente de los dominios mentales &% 2,

A pesar de la amplia evidencia que respalda el uso de CCDRP, aun no se
han incorporado en la actividad rutinaria de los pediatras ni en los programas de

supervision de salud, salvo en Estados Unidos e Inglaterra 2% 3¢

La evaluacion del Desarrollo Psicomotor en Chile y en Espafia

En Chile, desde 1990, existe un Programa de Estimulacion y Evaluacion del
DSM, el cual cubre a los menores que se atienden en el sistema publico de salud.
Este programa considera la evaluacion del desarrollo motor y cognitivo mediante
dos pruebas desarrolladas en Chile en la década de 1970 a 1980: la Escala de
Evaluacion del Desarrollo Psicomotor (EEDP) y el Test de Desarrollo Psicomotor
(TEPSI), aplicadas por enfermeras u otros profesionales capacitados, en los
controles de salud de los 8, 18 y 36 meses °’. En la actualidad se esta validando un
nuevo instrumento, el Test de Aprendizaje y Desarrollo Infantil (TADI), que también

debe ser aplicado por profesionales entrenados.
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Por otro lado, en los controles de supervision de salud del sector privado, es
el pediatra quien realiza la vigilancia del DSM, generalmente basado en su juicio

clinico /.

A diferencia de Chile, en Espafia no hay politicas universales en relacion con
el cribado del desarrollo. La tabla Haizea-Llevant fue validada a partir del estudio
del Dr. Emilio Fernandez Alvarez y ha sido cada vez mas utilizada en atencion
primaria, como medida objetiva de pesquisa de nifios de 0 a 5 afios con posibles
dificultades del desarrollo ®3. Hace unos afios, el grupo de seguimiento de
prematuros tardios de la Sociedad Espafiola de Neonatologia (SEN-34-36),

recomendé la aplicacion del ASQ-3 en espafiol al menos a los 2 afios de vida 4.

En la Clinica Alemana de Santiago y en SCIAS - Hospital de Barcelona de
Catalufa, se siguieron cohortes para evaluar el ASQ como instrumento de deteccién
de dificultades del desarrollo en nifios nacidos a término y prematuros. Ambos
establecimientos tienen en comuin que son instituciones privadas que atienden a
una poblacién de nivel socioecondmico medio alto, con padres, en su mayoria,
profesionales con estudios universitarios. Ambos hospitales atienden un nimero de
partos entre 2000 y 3500 anuales, y cuentan con un programa de seguimiento para
los prematuros, en que se ha implementado el ASQ, con gran adherencia por parte

de las familias.
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Validacion del ASQ en Santiago de Chile y Barcelona

Entre los afios 2008 y 2011 se realizo una adaptacion a la linguistica chilena
del ASQ-3, para las edades de 8 y 18 meses. Para conocer la validez y confiabilidad
del ASQ, se incorporaron 1896 nifios atendidos en distintos centros del sistema
publico y privado de Atencion de Salud. Al comparar los puntajes medios de la
muestra chilena con la version original del ASQ-3, destacaron diferencias
significativas solo en las areas de motricidad gruesa a los 8 meses, y resolucién de
problemas a los 18 meses. EI ASQ mostré tener una buena consistencia interna,
con una alfa de Cronbach de 0,66 — 0,85, tanto para sus dominios como para el
puntaje total. La estabilidad temporal y acuerdo interjuez fueron alta (r Pearson’s
0,73 — 0,94; correlacion intraclase 0,68 — 0,93). En el analisis de validez de
constructo, se encontr6 que los prematuros extremos presentaron
significativamente mayor tasa de fracaso en el ASQ en todos los dominios
comparados con los nifios nacidos a término y hubo diferencias significativas con

los niflos con retraso del desarrollo conocido #°.

En una sub-muestra de 306 nifios de 8, 18 y 30 meses de distinta edad
gestacional, atendidos en Clinica Alemana, se estudi6 la validez concurrente del
ASQ-CI, tomando como referencia la escala de Bayley-lll, destacando una
sensibilidad de 73% y una especificidad de 81% *'. En un primer andlisis de la
capacidad del ASQ para predecir el rendimiento cognitivo en los primeros afios de
educacion escolar, se incluyeron 174 evaluaciones (correspondientes a 123 nifios),
se reporto un valor predictivo positivo que vario, segun la edad de evaluacion, entre

21,4y 45,5%, mientras que el valor predictivo negativo fue 92,0-93,2% °°.
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Por su parte, en el SCIAS - Hospital de Barcelona, se comenzé a aplicar en
el afio 2013 el ASQ-3 en espafiol en una cohorte de nifios de 2 y 4 afios nacidos
prematuros tardios y a término. Para conocer la validez de constructo se analizé la
densidad de probabilidades de riesgo de déficit del DSM de acuerdo con el puntaje
total, encontrado diferencias significativas entre los grupos analizado . En el
analisis por dominio destaco el antecedente de patologia neonatal, especificamente
los problemas respiratorios, se asociaron a mayor prevalencia de déficit en el area
del lenguaje *°. Sin embargo, no habia sido estudiada la validez y confiabilidad del

ASQ-3 en esta poblacién.

Justificacion

La importancia de contar con pruebas de cribado del DSM para nifios
menores de 5 afios se basa en la neuroplasticidad cerebral, que nos da la
oportunidad de intervenir tempranamente y minimizar los dafos a largo plazo. La
gran ventaja de las CCDRP se basa en su versatilidad, costo-eficacia, factibilidad y
empoderamiento de los adultos responsables 2% %6 4984 Entre estos cuestionarios,
el mas utilizado y validado a nivel mundial es el ASQ 27 °° % habiéndose iniciado

investigaciones paralelamente en Santiago de Chile y Barcelona, Cataluia %% °*.

Contar con fundamentos acerca de la confiabilidad y validez del ASQ en
distintos contextos clinicos y culturales, y conocer su capacidad predictiva a largo
plazo es fundamental para la toma de decisiones politicas y clinicas en cuanto a su

uso.
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Si bien el uso del ASQ es cada vez mas difundido a nivel internacional, adn
hay algunas brechas de conocimiento, entre las cuales, para fundamentar este

trabajo de tesis, se consideraron las siguientes:

1. El ASQ ha sido utilizado en Barcelona, para conocer el pronéstico de los
ninos que nacen prematuros tardios con y sin patologia perinatal. No
obstante, no habia sido analizada su confiabilidad en esta poblacion.

2. En Chile, si bien el ASQ fue validado en nifios de distintas edades, faltaba
evidencia acerca de su validez predictiva.

3. No habia suficiente evidencia acerca de la capacidad predictiva a largo plazo

del ASQ y demas CCDRP recomendados por la AAP en poblacion general.

En este contexto, se ha formulado la siguiente pregunta de investigacion
como hilo conductor para este trabajo de tesis, desarrollado como compendio de 3

publicaciones:

¢, Cual es la confiabilidad y validez del ASQ en muestras de bajo riesgo

biolégico y socioecondémico en Catalufia y Chile?

¢ Cudl es la capacidad del ASQ y otros CCDRP para identificar aquellos nifios
con mayor riesgo de presentar dificultades académicas o cognitivas a largo

plazo?

Consistentemente, el propdsito de la tesis es determinar la validez y

confiabilidad del ASQ, como CCDRP, y analizar su capacidad predictiva a

, v
argo plazo, en poblacion general. “
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OBJETIVOS

e e
e — — ———— —— _—— =&

e —

Objetivo general Estudio N°1:

Evaluacion de la confiabilidad de los cuestionarios de 24 y 48 meses del
ASQ-3 en espafiol, en una muestra de nivel socioecondmico medio alto de un

Hospital de Barcelona

Objetivos especificos

1. Comparar la confiabilidad del ASQ aplicado en nifios que nacen prematuros

y niflos nacidos a término.

2. Analizar la correlacion entre las evaluaciones de ASQ completadas a los 24
y 48 meses.
3. Analizar la capacidad del ASQ completado a los 2 afios, de predecir

dificultades del desarrollo a los 4 afos.
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Objetivo General Estudio N°2:

Estudiar la validez predictiva del ASQ-3 aplicado a los 8, 18 o 30 meses en
una muestra de nivel socioecondmico medio-alto de Santiago de Chile para

detectar nifios que tendran déficit cognitivo en la etapa escolar.

Objetivos especificos

Comparar la capacidad predictiva del ASQ-3 con el Bayley-lll, considerado
patron de referencia para el diagnéstico de dificultades del desarrollo
psicomotor.

Identificar los dominios predictores del desempefio cognitivo, tanto en ASQ-
3 como en el Bayley-Ill.

Comparar la validez predictiva del ASQ segun edad de evaluacion.
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Objetivo General Estudio N°3:

Determinar la capacidad del ASQ y otros CCDRP para predecir bajo

rendimiento cognitivo o académico a largo plazo, en nifios de poblacion general.

Objetivos especificos

1. Conocer la literatura publicada acerca de validez predictiva de los CCDRP.
2. Evaluar las formas en que los distintos estudios analizan la capacidad

predictiva de los cuestionarios.
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METODOLOGIA

Esta tesis se ha configurado como compendio de 3 publicaciones. La
metodologia, que se detalla a continuacién fue la utilizada para responder los

objetivos de cada una de las investigaciones, que se tradujo en tres publicaciones.
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Metodologia Estudio N°1: Evaluar la confiabilidad de los cuestionarios de 24
y 48 meses del ASQ-3 en espafiol en una muestra de nivel socioeconémico

medio alto de un hospital de Barcelona

Estudio de cohorte prospectiva de 158 nifios nacidos a término y 163
prematuros tardios (edad gestacional de 340/7 a 366/7 semanas) en el SCIAS -
Hospital de Barcelona. Se siguieron 2 cohortes: la primera de nifios nacidos entre
el 1 de enero y 31 de diciembre 2009, y la segunda de nifios nacidos entre el 1 de

enero y 31 de diciembre 2011.

Criterios de inclusion

Se selecciond una muestra pareada por fecha de nacimiento de nifios
nacidos a término con los prematuros tardios. Se incluy6 solo nifios aparentemente

sanos, seguidos en sus controles por los mismos pediatras de la institucién de salud.

Criterios de Exclusion

Se excluyeron los recién nacidos que presentaran sindromes mal formativos,
enfermedad genética o metabdlica conocida. En el grupo de los nacidos a término
se excluyeron ademas los nifios que requirieron hospitalizacion en unidad de

cuidados intensivos en el periodo neonatal.
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Procedimiento

A las edades de 4 afios, en la primera cohorte, y 2 y 4 afios en la segunda
cohorte, se solicitd a los padres o cuidadores principales de los nifilos que
completaran el formulario de ASQ-3 traducido al espafiol por la editorial Brookes

Publishing.

La evaluacion a los 2 afios se realizo segun edad corregida en los prematuros
y segun edad cronoldgica en los nifios nacidos a término. La evaluacion a los 4 afios

se considero de acuerdo a la edad cronoldgica.

Los padres completaron el formulario correspondiente en sus casas. Un
funcionario de salud llevo el cuestionario a los padres y los instruyd sobre el
procedimiento necesario para completarlo. Todos los padres completaron el
Consentimiento Informado. El Proyecto fue aprobado por el Comité de Etica de

Investigacion del Hospital de Barcelona.

Analisis estadistico

Se realiz6é un andlisis descriptivo de la muestra. Se calcularon promedios y
desviacion estandar (DS). Estos valores se compararon con los publicados en la
validacion original del ASQ-3. Se consider¢ significativa una diferencia mayor a 5
puntos, considerando que el ASQ es una escala de rango, cuyos puntajes van de 5

en 5 puntos .
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BASADO EN EL REPORTE DE PADRES O CUIDADORES PRINCIPALES

El cribado fue considerado positivo si el rendimiento era inferior a -2DS en al
menos un dominio de los evaluados, de acuerdo con las recomendaciones del

manual de utilizacion del ASQ.

Para determinar la confiabilidad, se estudio la consistencia interna a traves
del coeficiente de alfa de Cronbach y la Correlacion de Pearson para cada uno de
los dominios y el puntaje total. Se analizdé la capacidad predictiva del ASQ-3
evaluado a los 2 meses para predecir menor rendimiento a los 48 meses, usando
Odds Ratio (OR) y andlisis de regresion logistica. Se compararon los resultados en

nifios nacidos a término y prematuros tardios.

Los analisis fueron realizados sobre la plataforma R. El flujograma

metodoldgico del estudio 1 se puede ver en la siguiente figura:

2 COHORTES SE%LC’)'IZ”EE';‘J C; ESTADISTICAS:
DE NINOS ' ANALISIS DE CONSISTENCIA

COHORTE 1A INTERNA,
ATY PT, LOS 4 ANOS VALIDEZ Y

NACIDOS CONFIABILIDAD CAPACIDAD
ENTRE EL COHORTE 2 A DEL ASQ-3 PREDICTIVA:
2009 Y 2011 LOS2Y 4 CORRELACIONES
AROS o

2009 - 2011 2013 - 2015 2016 - 2018 2018

llustracién 1: Flujograma metodoldgico Estudio 1

PT: prematuros tardios, AT: a término, OR: Odds Ratio
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Metodologia Estudio N°2: Evaluar la validez predictiva del ASQ-3 aplicado a
los 8, 18 0 30 meses, para detectar a nifios que tendran déficit cognitivo

en la etapa escolar en Chile

Estudio longitudinal, de seguimiento de una muestra de 306 nifios atendidos
en una Clinica privada de Santiago, Chile. Los participantes fueron reclutados entre
abril 2008 y abril 2011. Se defini6 una muestra por cuoteo de nifios nacidos a
término y prematuros. A la edad de 8, 18 o 30 meses, los nifios fueron evaluados
con ASQ-3 validado para Chile, y en forma concurrente se les aplicé la escala de
Bayley-Ill 1. Las evaluaciones se realizaron a los 8 y 18 meses de edad corregida
en prematuros, y segun edad cronologica en nifilos nacidos a término, y a los 30
meses cronoldgicos para todos los nifilos. Los nifios fueron posteriormente
evaluados entre los 6 y 9 afios de vida con la Escala de Inteligencia para Nifios de

Wechsler (WISC-Ill), validada en Chile ©°.

Criterios de inclusion

Nifios aparentemente sanos, sin antecedentes de enfermedad genética o

neurolégica diagnosticada.
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Criterios de exclusion

Historia de patologia intercurrente que pueda haber afectado la trayectoria
del desarrollo, como, por ejemplo: meningitis, patologia tumoral del SNC y/o
accidente con traumatismo encéfalo craneano severo. Ademas, se excluyeron los

nifos que tenian mas de 9 afios al momento de ser contactados.

Procedimiento

El WISC-III fue aplicado por psicélogas capacitadas en dicha evaluacion y
ciegas a los antecedentes clinicos del nifio, como la edad gestacional y los
resultados obtenidos previamente en las evaluaciones de ASQ-3 y la escala de
Bayley-lll. Las evaluaciones fueron realizadas en una consulta o en el domicilio de
los pacientes, y se les entreg6 a los padres un informe del desempefio logrado por
los nifios. Los nifios que debido a dificultades severas del desarrollo no puedan ser
evaluados a través del WISC, fueron considerados como positivos para déficit

cognitivo.

El estudio fue aprobado por el Comité de Etica de la Facultad de Medicina
Clinica Alemana Universidad del Desarrollo. Los padres completaron un
Consentimiento Informado y se les dio una retroalimentacion de la evolucion de los

ninos.
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Analisis estadistico

Se construyeron curvas ROC (Receiver Operating Characteristic o
Caracteristica Operativa del Receptor) y areas bajo la curva (AUC) para déficit
cognitivo, de acuerdo con el total de evaluaciones y segmentados segun la edad de
aplicacion de las pruebas (8, 18 y 30 meses). Para comparar las AUC se aplico el
meétodo de DelLong. Mediante analisis de regresion, se evalud la capacidad de los
cuestionarios para predecir el déficit cognitivo. Los analisis fueron realizados con la

plataforma R, con la implementacion del médulo pROC.

El flujograma metodoldgico del estudio 2 se puede ver en la figura:

NINOS

EVALUADOS A

LOS 8,18 O 30 SEGUIMIENTO
MESES CON ENTRELOS6Y 9
ASQ-CLY ANOS, CON

ANALISIS DE
LOS DATOS

CONCIMITANTE- EVALUACION CON R Y or
MENTE CON WISC-III
BAYLEY-II

2008 - 2011 2015 - 2018 2019

llustracién 2: Flujograma metodolégico Estudio 2
ASQ-CL: Ages and Stages 32 edicién, ASQ-3 validado para Chile,
ROC: Caracteristica Operativa del Receptor, OR: Odds Ratio
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Metodologia Estudio N°3: Determinar la capacidad del ASQ y otros CCDRP
para predecir las dificultades cognitivas o académicas a largo plazo, en

poblacion general.

Estudio de revision sistematica de la literatura.

Fuente de los datos

Se realizé una busqueda sistematica en las bases de datos de Cochrane,
Medline Pubmed, CINAHL, Embase, Web of Science, Scielo y Scopus databases
(hasta el 5 de junio del 2020) para identificar la literatura publicada. Se consideraron
los siguientes términos para identificar la poblacion: Infant, Child, Preschool. Para
identificar manuscritos publicados en relacion al test indice: Surveys and
Questionnaires, Developmental screening, Ages and Stages, Parents Evaluation of
Developmental Status, Survey of Wellbeing of Young Children, parents’ evaluation.
Y para identificar el test de referencia: Intelligence Test, Developmental Disabilities,

Intellectual Disability, Intelligence, Academic Performance, intellectual quotient.

37




VALIDEZ PREDICTIVA DEL AGES AND STAGES QUESTIONNAIRE;
U " B UN CUESTIONARIO DE CRIBADO DEL DESARROLLO PSICOMOTOR INFANTIL
BASADO EN EL REPORTE DE PADRES O CUIDADORES PRINCIPALES

IDENTIFICACION
DE LA POBLACION:

INFANT,
CHILD,
PRESCHOOL

BUSQUEDA
DE
LITERATURA

TEST INDICE:

AGES AND STAGES, TEST DE REFERENCIA:

DEVELOPMENTAL SCREENING,

PARENTS’ EVALUATION, DEVELOPMENTAL DISABILITIES,

SURVEYS AND QUESTIONNAIRES, INTELLECTUAL DISABILITY,
SURVEY OF WELLBEING OF YOUNG ACADEMIC PERFORMANCE,

CHILDREN, INTELLECTUAL QUOTIENT

PARENTS EVALUATION OF INTELLIGENCE TEST,
DEVELOPMENTAL STATUS INTELLIGENCE,

llustracién 3: Diagrama ilustrativo de los criterios incluidos

en la busqueda sistematica de la literatura para el Estudio 3

Seleccién de los estudios

En la primera seleccion se eligieron 3 tipos de estudios:

1. Estudios que mostraban una evaluacion con CCDRP en nifios menores de 5
anos.

2. Estudios que describieran evaluaciones cognitivas y/o académicas.

3. Estudios que describian la asociacion entre el resultado del CCCRP vy el

desempefio académico o cognitivo posterior.

Se incluyeron estudios publicados en espariol, inglés u otra lengua romance.
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A partir de los estudios seleccionados se identificaron cohortes que
describieran evaluaciones seriadas con CCDRP y evaluaciones académicas o
cognitivas en la edad escolar (en nifios de 5 0 mas afios y con la condicién de que

haya pasado al menos 1 afio desde la evaluacion con CCDRP).

Para identificar las cohortes, se realiz6 un cribado de los titulos y resimenes
de los estudios obtenidos a partir de la busqueda de manuscritos. Luego se
revisaron las citas de los manuscritos seleccionados y se revisdé dénde estaban
citados. Para completar la busqueda, se conectaron los autores de los CCDRP, a
modo de identificar estudios adicionales que cumplieran con los criterios de

inclusion.

Extraccion de datos

Se construyeron fichas para la extraccion de los datos. Se contacté a los
autores de cada una de las cohortes para corroborar la informacion extraida y

completar los posibles datos faltantes.

La evaluacién de riesgo de sesgos y andlisis de la aplicabilidad de los
resultados de las cohortes se realizé con la escala de Quality of Diagnostic Accuracy

Studies version 2 (QUADAS-2).
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Analisis de los datos

Se realiz6é un andlisis cualitativo de los datos obtenidos. Cuando fue posible,
se analizaron las medidas de asociacion y, en base a los datos de sensibilidad,
especificidad y valores predictivos, se construyo una tabla de 2 x 2 y se calcul6 el

SROC y Forest Plot, usando el programa Rev-Man 5.0.

El estudio fue registrado en PROSPERO (International Prospective Register

of Systematic Reviews) con el nimero de registro CRD42020183883.

El flujograma metodoldgico del estudio 3 se puede ver en la siguiente figura:

IDENTIFICACION DE ELABORACION DE :
LAS COHORTES CON FICHAS DE EXTRACCION ANALISIS DE LA
EVALUACION PRECOZ DE DATOS. INFORMACION.
CON CCDRP Y CONTACTO CON LOS DETERMINACION DE LAS
DE A POSTERIOR CON AUTORES DE LAS MEDIDAS DE ASOCIACION
RENDIMIENTO DISTINTAS COHORTES CON:
LITERATURA CRITERIOS DE "
INCLUSION ACADEMICO Y/O PARA CORROBORARY OR, CURVAS ROC, S Y E,
EVALUACIONES COMPLEMENTAR CORRELACIONES
COGNITIVAS INFORMACION

. SELECCION DE
BUSQUEDA LOS ESTUDIOS
SISTEMATICA QUE CUMPLIAN

llustracion 4: Flujograma metodolégico Estudio 3

CCDRP: Cuestionarios de Cribado del Desarrollo basados en el Reporte de Padres o
Cuidadores, OR: Odds Ratio, ROC: Caracteristica Operativa del Receptor,
S: Sensibilidad, E: Especificidad:
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RESULTADOS

A continuacion, se resumen los principales resultados de cada uno de los

estudios incluidos en la tesis (presentados en los anexos).
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Resultados Estudio N°1: Evaluar la confiabilidad de los cuestionarios de 24 y
48 meses del ASQ-3 en espafiol, en una muestra de nivel socioeconémico

medio alto de un Hospital de Barcelona

La primera cohorte incluyd 179 nifios evaluados a la edad de 4 afios. La
segunda cohorte incluy6é 152 nifios evaluados a los 2 y 4 afos. Para el estudio se

consideraron 473 evaluaciones realizadas en 331 nifos.

Los puntajes de ASQ-3 24 y 48 meses de la muestra de Barcelona (BCN)
fueron comparables con la muestra normativa de la validacién original %%, salvo

motricidad fina, que fue inferior a los 24 meses y superior a los 48 meses.

El coeficiente alfa de Cronbach fue bajo para cada uno de los dominios
analizados en forma independiente, pero aceptablemente bueno para el puntaje
global (0,78/0,79). El coeficiente de correlacion de Pearson fue consistentemente
positivo entre dominios y puntaje total, mientras que la correlacion entre los distintos

dominios fue significativa, pero baja.

La correlacion entre los puntajes de 24 y 48 meses fue positiva y significativa
para el puntaje total y para la mayoria de los dominios, siendo mas significativa en
el grupo de PT que en los AT. Tener al menos un dominio del desarrollo en rango
de déficit a los 24 meses no se correlacioné con menores puntajes o riesgo de déficit
a los 48 meses; no obstante, la presencia de 2 o0 mas dominios en rango de déficit
a los 2 afos, fue predictor de déficit del desarrollo a los 48 meses, con un OR de
140 [95% IC 14,85;3575,65], no se encontrd diferencia por dominio, sino que en la

suma de ellos.
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ARTICLE INFO ABSTRACT

Aim: To evaluate the reliability of the Ages and Stages Questionnaires (ASQ-3) 24 and 48 month intervals
translated to Spanish by Brookes Publishing, and the agreement between both questionnaires, comparing late
preterm (LPI) and term-born infants (terms).

Methods: Two cohort samples of healthy LPI and terms that were born in a private hospital in Barcelona, Spain.
Internal consistency was analyzed by Cronbach's alpha scores and Pearson product- moment correlation between
the domain scores and the overall score. The agreement was analyzed using Pearson's correlations between the
two questionnaires, and the odds ratio (OR) for positive screening at 48 months, given a positive screen in
24 month assessment.

Results: A total of 473 evaluations were analyzed, representing 331 children. Cronbach's alpha scores for the
motor domains on both intervals were low, but acceptable compared with the overall score; a strong positive
correlation between the domain and overall score were obtained in the majority of the domains. The correlation
between the 24 and 48 month total scores were positive, especially for LPI. Having at least 2 domains in the
referral zone at 24 months was associated with an OR of 140 [95% CI 14.85; 3575.65] for positive screen at
48 months.

Conclusion: The Spanish ASQ-3 24 and 48 month intervals appear to be a reliable for developmental screening
and for the follow-up of children, especially for LPI. Having two or more domains in the referral zone at

Keywords:

Ages and stages questionnaires
Developmental delay
Developmental screening tool
Late preterm infants
Psychometric properties

24 months screening is a significant predictor of developmental delay risk at 48-month questionnaire.

1. Introduction

Early childhood neurological development is a determining factor in
behavior and learning throughout life [1]. There is evidence suggesting
that early detection of developmental delay (DD) allows for timely,
effective intervention [2,3]. Early intervention can allow improving the
learning and behavior alterations that LPI can present, modifying the
natural history of these alterations [4,5] The identification of children
with subtle DD represents a real challenge for pediatricians, as it has
been shown that clinical impression is subjective and not sensitive to
this target [6]. For this reason, the American Academy of Pediatrics
(AAP) recommends the application of standardized developmental
screening tools during the health monitoring of infants and preschool
children at specific ages (9, 18, and 30-36 months), and especially
when certain well-known risk factors are at play, such as premature
birth, and genetic or metabolic problems [7]; while in European

* Corresponding author.
E-mail address: Ischonhaut@alemana.cl (L. Schonhaut).

https://doi.org/10.1016/j.earlhumdev.2018.11.008

countries, like the Healthy Child Programme of England, recommend
the application of screening tests and developmental surveillance, by
the time the child is one year old and between two and two-and-a-half
years old [8].

Despite the existence of health monitoring policies that emphasize
the importance of standardized screening tools for developmental as-
sessment, fewer than 50% of pediatricians in the United States (U.S.)
routinely use them [9]. A number of development screening tools have
been developed; they may be distinguished by the conditions they as-
sess, their cultural adaptation, and their means of application. Of note
among these are the parent-completed developmental screening tools,
which have seen increasing use given their low cost, their ease of use,
and the empowerment they provide to the adults responsible for the
care and stimulation of the children [10,11].

One of the parent-completed developmental screening tool in wide
use in the U.S, is the Ages and Stages Questionnaires (ASQ) which was
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developed at the University of Oregon in the 1980s and then revised in
2009, as the ASQ3 [12,13]. These questionnaire has been adapted for
use in several countries [14,15,16,17,18,19,20] including the region of
Galicia in Spain, were the ASQ completed by the educators was studied
[21]. The ASQ has been shown to be valid and reliable both in
screening children born at full term and in the monitoring of children
with biological risk factors [22,23].

In primary care in Spain, the pediatrician is responsible for mon-
itoring child development in health controls, following clinical proto-
cols [24], as a result of which there is a risk of under-diagnosis of
children with subtle problems of development, as it has been noted in
published reports6. The late preterm infant (LPI) follow-up group of the
Spanish Neonatology Society (SEN34-36) has proposed the use of
simplified neurodevelopment questionnaires, with the use of ASQ-3 at
two years of age [25].

In the Hospital de Barcelona-SCIAS, the ASQ-3, translated into
Spanish by Brookes Publishing, was introduced for use in 2013 in an LPI
cohort at 24 and 48 months and for term-born infants. We selected the
age of 2 years based on the recommendation other European countries,
like England [8], and the policies of SEN34-36 in Spain [25]. The
follow up at 48 months was chosen based in fact that this age is con-
sidered the last step for the detection of subtle delays that can benefit
from intervention [26]. In our previous studies it was shown that the
ASQ-3 allowed for the identification of those at risk [27,28], however,
no reliability studies for the ASQ-3 had been carried out in this popu-
lation. In addition, few studies have analyzed the effects of biological
risk factors, such as premature birth, on the psychometric properties of
the test and on the developmental pathways of the children.

The aim of the present study, then, was to evaluate the reliability of
the Ages and Stages Questionnaires (ASQ-3) 24 and 48 month intervals
translated to Spanish by Brookes Publishing, and the agreement be-
tween both questionnaires, comparing LPI and terms, in an upper
middle class sample in Barcelona, Spain.

2. Methods
2.1. Population

A cohort study was carried out including LPI (GA of 34%7 to 3657
weeks) and term-born infants (GA of 37%7 to 41%7 weeks) born in the
private hospital of a healthcare insurance company with a neonatal
intensive care unit, in Barcelona, Spain. The socio-economic level of the
participants was considered middle-high due to the social character-
istics of the population analyzed, assuming that this population could
afford an expensive private healthcare center.

We followed two cohort samples: the first of children born from
January 1 to December 31, 2009, and the second of children born from
January 1 to December 31, 2011. Inclusion criteria were: LPI and term
born in the period whose parents were locatable and, after phone
contact, agreeable to participation. For the term group, we selected a
sample of children born in the hospital at full- term gestational age
matched by date of birth with LPI. We included only apparently healthy
term-born infants who were followed up by pediatricians belonging to
our insurance group.

Exclusion criteria were children with malformative syndromes and
with known genetic or metabolic diseases and, in the term group, we
also excluded those who were admitted to Neonatal Intensive Care Unit
during the neonatal period.

2.2. Measures

Ages and Stages Questionnaires® Third Edition translated to Spanish
by Brookes Publishing (ASQ-3) [13] is a validated, parent-completed
developmental screening tool. Twenty-one questionnaires are available
from 1 to 66 months of age. Parents answer 30 questions covering five
domains of development, including communication, gross motor, fine
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motor, problem solving, and personal-social domain. Each domain
contains six questions that can be answered with a ‘yes’ (10 points),
‘sometimes’ (5 points), or ‘not yet’ (0 points); which are summed for a
domain total.

Infants were one standard deviation below the mean in any domain
were considered on the monitoring zone and if they have two standard
deviations below the mean in any domain have positive screen and
were considered in referral zone, or at risk of DD, in accordance with
the ASQ manual [13].

Parents were instructed to try activities with their children to fa-
cilitate accurate evaluation and were offered the option of completing
the questionnaire by e-mail or with a home visit by a person other than
a healthcare professional. The healthcare professional brought the
document to parents and provided advice as needed.

Parents of included preschoolers completed the ASQ-3 48 month
interval for the first cohort, and the 24 and 48 month intervals for the
second cohort.

All the parents signed an informed consent form. The project was
approved by the hospital's teaching and ethics commission.

2.3. Statistical analysis

For descriptive analysis we first assessed the background char-
acteristics of the study samples. We compared the demographic char-
acteristics of the LPI and term groups using central tendency measures
and proportions.

We compared mean scores and cutoff scores of ASQ-3 24 and ASQ-3
48 months with those from the U.S. normative data [13]. A difference
of > 5 points was considered significant, considering that the ASQ-3 is
a range scale with scores increasing in intervals of five [16].

For reliability analysis, internal consistency was measured with the
Cronbach alpha coefficient for each of the five domains and for the
overall test. Criteria for Cronbach's alpha included: > 0.9
Excellent; > 0.8 Good; > 0.7 Acceptable; > 0.6 Questionable; > 0.5
Poor; and, < 0.5 Unacceptable [29]. Additionally, the Pearson product-
moment correlation coefficients between the overall score and the total
scores for each domain were analyzed.

The agreement between the two interval questionnaires was mea-
sured separately for the LPI and terms; we analyzed the correlations of
the scores between both intervals separately, and, finally, we examined
the capacity of positive screen at 24 month to predict poorer perfor-
mance at 48 months, using logistic regression analysis.

3. Results
1) General information

The first cohort included 179 children who were assessed with ASQ-
3 at the age of 48 months. In the second cohort a total of 152 children
were assessed at 24 months; of these, 142 were followed up and re-
assessed at the age of 48 months. The total, then, consisted of 473
evaluations made of 331 children (see Fig. 1).

The bio-demographic characteristics of the sample are presented in
Table 1. In the LPI group the median gestational age was 36 weeks
(range 34-36) while in the term group it was 39 weeks (range 37-41).
There were significant differences in birth weight; 61.9% of the LPI
group were hospitalized in the Neonatal Intensive Care Unit while no
children from the term group were admitted (in accordance with the
exclusion criteria for the study), and the percentages of caesarean
sections and twin births were significantly higher for the LPI group
compared to the term group. The 84,5% of mothers of the term sample
and 77,3% of the LPI sample report university education.

2) Comparison of study sample ASQ-3 mean scores with published U.S.
normative data
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COHORT 1*
245 infants
(155 LPI + 90 terms)

COHORT 2**
205 infants
(125 LPI + 80 terms)

Loss of patients

65 LPI

1 term excluded (GA
>42 weeks)

Loss of patients
52 LPI
1 term excluded by

admission to the

ASQ-3 24-month NICU

152 infants
(73 LPI + 79 terms)

Did not complete the

follow-up
10 infants
(0 LPI + 10 terms)

ASQ-3 48-month
179 infants
(90 LPI + 89 terms)

ASQ-3 48-month
142 infants
(73 LPI + 69 terms)

Total ASQ-3 48-month
321 infants
(163 LPI + 158 terms)

Fig. 1. Flowchart showing the number of eligible children in the final study population.

*COHORT 1: infants born at term and late preterm between 1st January and 31st December 2009.
**COHORT 2: infants born at term and late preterm between 1st January and 31st December 2011.
LPIL late preterm infants; terms: term-born infants; NICU: Neonatal Intensive Care Unit.

Table 1
Analysis of bio-demographic and perinatal variables of the sample.
Terms LPI P
N 168 163
Birth weight (g) X = SD 3260.8 + 421.0 2464.71 + 420.2 < 0.0001
Gestational age (w) (median 39,2 (37-41) 36 (34-36) < 0.0001
and rank)

Male gender (%) 96 (57.1) 96 (58.9) NS
Mother's age (y) X + SD 37.2 = 3.5 38.2 = 4.3 0.03
Father's age (y) X + SD 38.6 = 5.2 39.6 = 5.2 0.08
University mother (%) 142 (84.5) 126 (77.3) NS
Single parent (%) 3(1.8) 5(3.1) NS
Caesarean section (%) 71 (42.3) 100 (61.3) 0.0004
Twins (%) 3(1.8) 64 (39.3) < 0.0001
Neonatal Intensive Care Unit 0 (—) 101 (61.9) < 0.0001

admission (%)

Terms: term-born infants. LPI: late preterm infants. P = p-value.
X = mean; SD = standard deviation.

Table 2 presents the scores and the cutoff for ASQ-3 24 and
48 months for the Barcelona sample in comparison to the U.S. norma-
tive data [13]. The scores for ASQ-3 at 24 months are similar to those
for the U.S., except for the fine motor domain, which were lower. In
contrast, at 48 months the scores for the fine motor domain were higher
than those reported in the U.S. normative data. There were no differ-
ences in the other domains. However, important differences in cutoff
scores were found in fine motor domain at 24 months and in all do-
mains at 48 months, due to the lower standard deviation in Barcelona
sample compared with U.S. sample. Cutoff scores were higher in Bar-
celona sample at 48 months.

It will be noted that in both samples the scores between the 24 and
48 month questionnaires showed a rising trend, except for the gross
motor domain in the study sample, which remained stable, and the fine
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motor domain in the U.S. normative data, in which the scores de-
creased.

3) Reliability: Cronbach's alpha coefficient

The Cronbach alpha coefficient for the sample's ASQ-3 24 and
48 month scores was computed for each domain and for the overall
score. Item deletion did not improve alpha coefficients in any domain.
Scores ranged from 0.35 (gross motor at 48 months) to 0.68 (commu-
nication at 24 and 48 months). These results indicate that internal
consistency ranged from unacceptable to questionable in all domains.
But when the overall analysis was made, we obtained Cronbach alphas
of 0.78 and 0.79, which indicate acceptable-to-good internal con-
sistency (Table 3).

4) Reliability: Pearson product- moment correlation coefficients be-
tween the domain scores and the overall score for each ques-
tionnaire

Fig. 2 shows the Pearson product-moment correlation coefficients
between the overall and the total scores for each domain, for both ASQ-
3 at 24 and 48 months. A strong positive correlation between the do-
main scores and overall score was obtained, except for fine and gross
motor, where the correlations were moderate. The correlations between
the various domains was significant, but weakly so. We did not find
differences in the correlation pattern between domains and the overall
score when we reviewed the ASQ-3 24 and 48 months form separately.

5) Agreement: Correlational analysis at 24 and 48 months

The correlation between the scores for ASQ-3 24 and 48 months was
positive and significant for the overall score and for the majority of the
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Table 2

Comparison of study sample ASQ-3 mean scores and cutoff scores at 24 and 48 months with US normative data.

Problem solving Personal-social

Fine motor

Gross motor

Communication

Monitoring zone/
referral zone

Mean/SD

Monitoring zone/
referral zone

Mean/SD

Monitoring zone/
referral zone

Mean/SD

Monitoring zone/

referral zone

Mean/SD

Monitoring zone/
referral zone

Mean/SD

ASQ 24 months
Barcelona

39.2/29.6

38.6/27.2 53 £ 7.6 45.4/37.8 45.5 = 10 35.5/25.5 48.8 = 9.6 39.2/29.6 48.8 = 9.6

50 = 11.4

152

ASQ-3

Spanish
ASQ-3

sample
USA 2009 [13]

51 + 10 41.3/31.5

39.6/29.8

10

49 +

46.4/38.1 51.7 = 8.2 43.4/35.2

547 = 8.3

38.2/25.2

51.2 + 13

1443

ASQ 48 months
Barcelona

48.5/41.9

55.1 = 6.6

49.5/42.9

56.1 = 6.6

43.7/35

52.4 = 8.7

47.4/40.4

50.7/44.2 544 = 7

57.2 £ 6.5

321

ASQ-3

Spanish
ASQ-3

sample
USA 2009 [13]

52.7 = 9.9 42.7/32.8 45.3 = 14.7 30.6/15.8 52.7 = 10.7 42.0/31.3 50.3 = 11.8 38.5/26.6

41.8/30.7

672 529 * 11.1

n = sample size; ASQ-3 = Ages and Stages Questionnaire Third Edition.

SD = standard deviation.

Bold numbers indicate differences greater than 5 points.
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domains. In the LPI group these correlations ran from moderate to high
(ranging between 0.51 and 0.72) except for the personal-social domain
in which the correlation was not significant. Meanwhile, in the term
group the correlations were low (communication, gross motor, per-
sonal-social, and overall score) or not significant (fine motor and pro-
blem solving) (Fig. 3).

6) Agreement: Risk of developmental delay at 48 months according to
risk at 24 monthss

Having a positive screening at ASQ-3 24 months, was not associated
with a greater risk of positive screen nor with lower mean scores at
48 months; nevertheless, having two or more domains in the referral
zone was associated with the risk of DD at 48 months (OR 140 [95% CI
14.85; 3575.65]) as well as a lower ASQ-3 scores (Table 4 and Fig. 4).
We did not find differences between the domains, but rather in the sum.
It is of note that there were only children in the LPI cohort with two or
more domains below the cut-off on the 24 month interval.

4. Discussion

The scores obtained on the ASQ-3 in this Barcelona sample were
similar to those reported in the U.S. normative data. The exceptions to
this were in the fine motor domain, with children's scores at 24 months
lower than those reported for the U.S. by Squires et al. [13]. By contrast
children's scores at 48 months, were higher. In the other domains, the
differences were generally small and not clinically relevant. However,
the cutoff scores were higher in all domains at 48 months for Barcelona
sample, but lower for fine motor at 24 months.

On reviewing the reliability of the ASQ-3 we found questionable
internal consistency in the analysis of domains, as reported as well by
Lopes et al. in Portugal and Alvik et al. in Norway [14,30]. Although
these results might cast a shadow of doubt on the reliability of the test,
we should stress that the size of alpha depends on the number of items
in the scale, and each domain consists of only 6 questions [31]. Ad-
ditionally, the items in each domain may ask for very different skills,
and would not be expected to be highly correlated such as items in the
personal social domain'® By the same token, if we consider the overall
score, with thirty questions, Cronbach's alpha rises to 0.78/0.79, which
is in the acceptable-to-good reliability. In a systematic review of ASQ-3
2-2.5years, Velikonja et al. demonstrated that the English version of
the questionnaire, based on the medians of the five ASQ-3 domains, had
positive values for internal consistency (Cronbach's alpha > 0.70),
with variability in the results of the domain analysis and less reliability
in the translated/adapted versions of the ASQ-3 [32].

Another way of analyzing the reliability of a questionnaire is by the
Pearson product- moment correlation between the domain scores and
the overall score. With this analysis we found correlations between the
domains and the overall score to be moderate-to-high, as was found by
Lopes et al. in the validation of ASQ in Portugal [14], while the cor-
relation among the domains was low, which is to be expected, given
that they mark out separate domains.

In our study we analyzed a cohort of children who were assessed at
24 and 48 months of age, and we found that the scores obtained at
48 months were higher than those at 24 months. Correlations were
significant between overall scores of both questionnaires, with greater
correlation for the LPI than for the term. Few studies have examined the
developmental trajectories of children using ASQ, and the methodolo-
gies employed have been diverse. Valla et al. [33] found, using ASQ in
Norway, that a majority of children showed positive and stable nor-
mative developmental pathways from 4 to 24 months of age, while a
small percentage of children had decreasing scores or other patterns of
development.

Our study was not designed to establish development pathways, as
there are only two measurements made by the ASQ-3. Nonetheless, it is
possible to assess the stability of the risk of DD, with a very significant
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Table 3
Reliability analysis for each domain and overall score using Alpha Cronbach.
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Communication Gross motor

Fine motor

Problem solving Personal-social Overall score

24-month (n = 152)
48-month (n = 321)

0.68 (0.60-0.74)
0.68 (0.63-0.73)

0.43 (0.31-0.56)
0.35 (0.25-0.46)

0.37 (0.24-0.51)
0.54 (0.46-0.61)

0.37 (0.22-0.53)
0.5 (0.42-0.58)

0.51 (0.39-0.63)
0.46 (0.37-0.54)

0.79 (0.74-0.84)
0.78 (0.75-0.82)

n = sample size.

OR when there were two or more domains in the referral zone on ASQ-3
at 24 months, which only occurred in the LPI group. In this regard, we
did not find differences between the domains.

Previous studies have reported an increase in the psychometric
properties of the test in higher biological risk samples [22], which may
be explained in part by the effect of extreme values and the increased
stability of the delays. Hornmann et al. [34] found that overall devel-
opment of moderately-late preterm children had stability patterns
comparable to term-born children at 4 to 5 years of age, probably be-
cause when the children advance in their age, the DD have achieved
greater stability. Studies have shown that ASQ-3 has a high negative
predictive value; that is, if a child does have a negative screen, they are
less likely to manifest risk in development over the medium and long
term. The positive predictive value, however, is low [35,36,37], prob-
ably because the more subtle problems in development may be resolved
with time while there is a lesser likelihood of other problems appearing,
especially with increasing age in the child.

The strongest point of this study is that it analyzed two child cohorts
of terms and LPI—with high levels of and patient participation and

adherence. However, one of the limitations of the study is that it did not
consider the possible interventions undergone by the children. Another
limitation is that the follow-up sample was small, increasing the pos-
sibility of false negative results. For these reasons it seems opportune to
continue the follow-up of children for a longer time period in order to
learn more about the developmental pathway and about the impact of
early detection of subtle developmental problems on learning and
school performance. In addition, these studies should be replicated with
larger more economically diverse families.

5. Conclusions

The ASQ-3 24 and 48 months in Spanish appears to be a reliable tool
for developmental screening and follow-up of children between 2 and
4 years of age, especially in the LPI group. A positive agreement was
found for the two questionnaires analyzed. Having two or more do-
mains in the referral zone on the 24 months screening is a significant
predictor of the risk of DD risk at 48 months of age.

Q10,3 P Q1P 3,5 5, 150 | 290
Comm ::
0.41 0.28 0.54 0.48 0.76 ;
: 0.35 || 042 || 0.8
0.26 || 0.31 0.56 |
gl PS
) 051 || 0.76
ol . . . . Al
BtH 1 2t i 075 |
5”: -hi W “'iﬂﬂ *‘:Hm '!Hﬁﬂ 4.3|ﬁﬂ Rl
mt;é ' 30 ' 80 ' * . 20 ‘ 30 .4'0 50 60 : 1?0.2'0 30 40 50 80 )

Fig. 2. Pearson product- moment correlation matrix between the domain scores and the overall score on 24- and 48-month questionnaires.

All correlations are significant at p < 0.001.

Comm: communication; FM: fine motor; GM: gross motor; PS: problem solving; P-S personal-social.
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Terms
48 month

E g

= @ 2

8 g o) e d 3
Comm | 0.34 0.02 0.03 0.18 0.28 0.29
FM| .01 0.38 0.13 -0.16 0.13 0.21

24 month GM| 0.05 017 -0.08 0.1 013 0.07
PS| 0.4 03 0.25 -0.03 015 0.36
P-S 0 0.16 0.15 -0.03 0.31 0.24
Overall | 0.14 0.32 0.18 0.01 0.31 0.4

Early Human Development 128 (2019) 55-61

LPI
48 month
E T
= @ 2
8 z o} 4 d é 1
09
Comm  0.62 0.54 0.49 0.43 0.53 0.66 08
07
06
FM | 034 0.51 0.56 0.36 0.27 0.52 05
04
03
24month GM 031 0.64 0.52 04 0.36 0.56 0:2
01
0
-0.1
PS04 0.41 0.59 0.51 0.46 0.61 02
-0.3
-04
PS| 027 0.2 0.34 0.38 0.22 0.36 05
-0.6
-0.7
Overall  0.54 0.6 0.66 0.56 0.5 0.72 8

-0.9

Fig. 3. Correlation for domains and overall scores at 24 and 48 months in term-born and late preterm infants.
Comm: communication; FM: fine motor; GM: gross motor; PS: problem solving; P-S personal-social; terms: term-born infants; LPI: late preterm infants.

Table 4
Odds ratio for risk on developmental delay at 48 month, according 24 month assessment, in term-born and late preterm infants.
Terms 95% CI LPI 95% CI
1 domain in referral zone 5.89 [0.68; 43.32] 5.60 [0.24; 69.85]
2 or more domains in referral zone 140.00%** [14.85; 3575.65]
Developmental delay risk = at least 1 domain in referral zone.
Referral zone: domain score > —2 SD below the mean score.
LPL late preterm infants; terms: term-born infants; CI: confidence interval.
In the footnote is the definition for the asterisk: *p > 0.05.
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VALIDEZ PREDICTIVA DEL AGES AND STAGES QUESTIONNAIRE;
U '.‘ B UN CUESTIONARIO DE CRIBADO DEL DESARROLLO PSICOMOTOR INFANTIL

Resultados Estudio N°2: Evaluar la validez predictiva del ASQ-3 aplicado a
los 8, 18 0 30 meses, para detectar a los nifios que tendran déficit cognitivo

en la etapa escolar en Chile

Se incluyeron 227 nifios para el analisis de validez predictiva, lo que
corresponde al 75% de la muestra original. Se catalogo a 15 nifios (6,6%) con déficit

cognitivo.

La capacidad predictiva del ASQ para identificar a aquellos nifios con déficit
cognitivo fue satisfactoria, con area bajo la curva (AUC) 0,77 [IC95% 0,65- 0,89] y
comparable con el AUC generado por la escala de Bayley, AUC 0,80 [IC95% 0,68-
0,93] [p=0.58]. La sensibilidad, considerando al menos un dominio en zona de
riesgo, fue 0,67 para ASQ-3 y 0,53 para Bayley-lll, mientras que la especificidad de

0,72y 0,88 respectivamente.

Con relacion a la edad de evaluacion, no hubo diferencias significativas en
las AUC al comparar ASQ-Cl y Bayley-lIll, ni al comparar las 3 edades de evaluacion,

pudiendo observarse una mayor AUC en la evaluacion realizada a los 30 meses.

En el analisis univariado, el tener déficit en algin dominio del ASQ-CI
represent6 un OR de 5,07 [IC95% 1,72- 16,84, p 0.004], mientras que con el test de
Bayley-lll el OR fue de 4,91 [IC95% 1,67-14,79 p0.003] de déficit cognitivo. En el
andlisis por dominio del ASQ-CI, el tener déficit en los dominios de comunicacion,
motricidad gruesa y resolucion de problemas, se asociaron significativamente a
déficit cognitivo. Mientras que con la escala de Bayley lll, todos los dominios fueron

significativos.
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ABSTRACT

Objective: To compare the predictive value of the Spanish Ages & Stages Questionnaire third edition adapted for Chilean population (ASQ-C]) and the Bayley Scale of
Infant and Toddler Development 3rd edition (Bayley-III) for cognitive delay at school age, and to identify the domain predictors.

Methodology: Data were collected from 306 term and preterm children of medium-high socio-economic level enrolled in a prospective cohort study. Developmental
outcomes at 8, 18 and 30 months were assessed via the ASQ-Cl and Bayley-III; at 6-8 years cognitive development was assessed using the Wechsler Intelligence Scale
for Children (WISC-III). The area under the curve (AUC), sensitivity, specificity and predictive values were calculated, and logistic regression analysis was used.
Results: Of 227 children studied, 6.6% had cognitive delay. ASQ-Cl and Bayley-III generate equivalent AUC [0.77 and 0.80]. Sensitivity 67% and 53%; specificity of
72% and 88%, positive predictive value of 14% and 24%, negative predictive values of 97% and 96% respectively. Greater predictive validity was obtained at
30 months assessment. Deficit in the communication and gross motor skills and problem-solving domains of the ASQ-Cl and all the Bayley-III domains were
significantly associated with cognitive delay.

Conclusions: ASQ-CI can be used to identify children at risk for cognitive delay at 6-8 years of age, being comparable with the Bayley-IIl. Some domains of ASQ-Cl
and all domains of Bayley-III were significant predictors for cognitive delay. These results support the use of ASQ-CI as a screening tool for developmental delay.

1. Introduction

Early detection and intervention for children with developmental
delays (DD) is recognized as an essential part of health care to optimize
outcomes for children and families [1,2].

To ensure the identification of children at risk of DD (children not
developing adequately and/or acquiring skills in the expected time
frame), the American Academy of Pediatrics (AAP) recommends the
application of standardized developmental screening tests at 9, 18, and
30 month follow-up visits, using standardized, valid and reliable tools
[3]. The Public Health System recommendations in Chile are similar

[4]. When developmental screening identifies a child as being at high
risk of DD, a diagnostic developmental evaluation should be pursued
[3].

The use of parent-completed screening test, such as the Ages and
Stages Questionnaire (ASQ), has increased in recent years in the USA
[5,6]. The ASQ was updated in 2009, as ASQ-3 [7]. This questionnaire
has been validated in several countries with promising results [8-11].
The Bayley Scale of Child Development (Bayley) has been considered
the gold standard as a developmental assessment tool, both clinically
and in research [12]. Studies that analyze the concurrent validity of
ASQ and Bayley have shown high specificity but variable sensitivity

Abbreviations: ASQ, Ages & Stages Questionnaire; ASQ-3, Ages & Stages Questionnaire third edition; ASQ-Cl, Ages & Stages Questionnaire third edition translated to
Spanish and adapted for Chilean population; Bayley, Bayley Scale of Child Development; Bayley-III, Bayley Scales of Infant and Toddler Development 3rd edition;
WISC-III, Wechsler Intelligence Scale for Children; AUC, area under the curve; ROC, receiver operating characteristic; DD, developmental delays; AAP, American

Academy of Pediatrics; OR, odds ratio

* Research Ethics Board of Clinical Alemana and Universidad del Desarrollo approved the study.

What's known on this subject

Studies have shown adequate concurrent validity between Ages & Stages Questionnaire and the Bayley Scale of Child Development; the predictive value for

cognitive delay has been studied separately for both tests.
What this study adds

ASQ-Cl and Bayley-III have equivalent predictive validity for cognitive delay at the age of 6-8 years. Communication, gross motor skills and problem solving of the
ASQ-CI and all the domains of the Bayley-III scale are significantly associated with cognitive delay.
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values [13-16]. According to the AAP, sensitivity and specificity levels
of 70% to 80% have been considered acceptable for developmental
screening tests [3]. These values are lower than those commonly used
in other screening tests, due to the challenges implicit in the develop-
mental assessment and the absence of clearly defined therapies.

The ASQ-3 was validated in Chile, in a representative sample of
children from different socioeconomic strata, showing that the psy-
chometric properties make it appropriate for its application in this
cultural setting (ASQ-Cl) [17].

In a subsample of healthy children of different gestational ages,
from a medium high socioeconomic setting, the concurrent validity of
the assessment at 8, 18 and 30 months of the ASQ-Cl was evaluated,
using the Bayley Scales of Infant and Toddler Development 3th edition
(Bayley-III) as the reference standard; the sensitivity and specificity
were 73% and 81% respectively [18]. In a preliminary analysis of 123
children ASQ-ClI was found highly predictive for the lowest cognitive
coefficient during the first years of school education, but cognitive
delay was not analyzed in this sample [19], nor comparisons were made
with the predictive capacity of Bayley. Studies have analyzed the pre-
dictive value for cognitive delay of ASQ and Bayley of ASQ separately
describing adequate values of sensitivity and specificity for cognitive
delay, but with shorter of follow-up periods [20,21] or in high risk
groups, as the extremely preterm born children [22,23]. No published
study has yet compared ASQ with Bayley for predicting long term
cognitive delay.

The aim of the present study is to compare the predictive value of
the 8, 18 and 30-month assessment with ASQ-Cl and Bayley-III for
cognitive delay at age 6-8 years, and to identify the domain predictors.

2. Methods
2.1. Study population

A convenience sample of 306 children who attended a pediatric
ambulatory clinic in Santiago, Chile, was recruited from April 2008 to
April 2011. The sample comprised term and preterm infants from fa-
milies of medium-high socio-economic level and 95% of the mothers
had > 13 years of scholar education. The sample was evaluated at 8,
18 months (corrected gestational age for preterm), and at 30 months.
ASQ-CI and Bayley-III test were applied concurrently.

Each child was evaluated only at one point in time with both tests.
The specifications of the original cohort and the application of the ASQ-
Cl and Bayley-III tests in the studied cohort are previously published
[18].

Subsequently, every mother was contacted by the research team
when their children were between 6 and 8 years of age, for an eva-
luation with the Wechsler Intelligence Scale for Children (WISC-III).
Children with a history of intercurrent disease that could affect devel-
opment, such as meningitis, central nervous system tumor pathology,
severe cranial trauma; and children who were > 9 years old at the time
of recruitment were excluded.

In our hospital, premature infants < 32 weeks or < 1500 g at birth,
had access to early intervention as a part of the follow-up program. At
the time of the study this was not available for moderate and late
preterm born children.

2.2. Instruments

The Ages and Stages Questionnaire Third Edition translated to
Spanish and adapted for Chilean population (ASQ-CI) [7,17]: is an in-
strument in which parents rate their child's current skills and devel-
opment, from 1 to 66 months of age. In this test twenty-one ques-
tionnaires are available but only the 8, 18 and 30 months have been
validated for the local population in Chile [17,18]. Parents answer 30
questions covering 5 domains of development, including communica-
tion, gross motor, fine motor, problem-solving, and socio-emotional
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skills. Infants were two standard deviations below the mean in any
domain have positive screen and were considered in referral zone, or at
risk of DD [7]. Parents completed the ASQ-CI before de Bayley III as-
sessment.

The Bayley Scale of Infant and Toddler Development 3rd edition
(Bayley III) [12]: is a comprehensive developmental assessment, for
children ages 1 to 42months. Three subscales were administered
(cognitive, language, and motor) by an accredited occupational thera-
pist, who was blinded to the ASQ results. A child was considered to
have a positive screen if the score is below 80 points in at least one
domain (equivalent to < —2 SD for the study sample).

The Wechsler Intelligence Scale for Children, Third Edition (WISC-
III) [24]: is an instrument that evaluates the intellectual capacity of
children from 6 to 17 years. The instrument uses 13 sub-tests, of which
6 are verbal and 7 manual and is reported in performance intellectual
quotient and verbal intellectual quotient scores. The WISC-III was ap-
plied by a group of trained psychologists and blinded to the child's
clinical and developmental history, gestational age, and the results
previously obtained in the ASQ-Cl and the Bayley-III scale. A score
of < 85 points (equivalent to < —1.5 SD) in verbal and/or perfor-
mance scales was defined as cognitive delay according to the Chilean
validation [25], Parents were informed of the results.

Children unable to complete the test because of severe develop-
mental difficulties were considered as having a cognitive delay (or true
positives for the analysis).

All three tests were applied and scored independently in every child
and unaware of the results from other tests. Additionally, the re-
searchers interpreted the results of each test independently and una-
ware of other scores.

Written informed consent was obtained. Research Ethics Board of
Clinical Alemana and Universidad del Desarrollo approved the study.

2.3. Statistical analysis

Descriptive analysis was done using chi-square and t-test for cate-
gorical and continuous variables respectively.

Receiver operating characteristic (ROC) and area under the curve
(AUC) were calculated for ASQ-Cl and Bayley-III total scores, using as
reference cognitive delay.

The analyses were done for the total group and segmented ac-
cording to the age of application of the tests (8, 18 and 30 months).
Bayley-III and ASQ-Cl AUC were compared using the method described
by DeLong [26]. Although an absolute standard for the interpretation of
AUC does not exist, it is considered that values of 0.5 indicate a random
result; between 0.6 and 0.7 are acceptable; between 0.7 and 0.9 are
good and > 0.9 are excellent [27]. Sensitivity, specificity, positive and
negative predictive values were calculated.

Logistic regression analysis was used to test the significance of
deficit in each domain, to predict cognitive delay. All the analyses were
performed on the R platform, using the pROC module [28,29].

3. Results

Loss to follow-up rate in this study was 25.2% (Fig. 1). Differences
between included and not included children are shown in Table 1. In-
cluded population had a lower gestational age, a higher percentage of
males and twins, and a trend towards lower scores in ASQ-Cl and
Bayley-III scale (not reaching statistical significance).

Analyses were conducted on 227 children assessed at 6-8 years of
age. Of all the evaluations with ASQ-Cl and Bayley-III scale, 85 were
performed at 8 months, 75 at 18 months and 67 evaluations were done
at 30 months of age. Table 2 shows no differences in biodemographic
characteristics between the children evaluated at 8, 18 and 30 months.

Of the 227 children, 221 were evaluated with WISC-III. Because of
severe deficits in their development, 6 cases could not be evaluated and
were therefore considered positive for the analysis reaching a total of
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Children in the original
sample
N=306

Lost to follow up:
N=58

N= 248 children

Excluded for central
nervous system
disease:

N=2

Declined to participate:
N= 19*

Children included: N=227
Assessed with WISC-III: N= 221
Severe developmental delay, not

assessed with WISC-Ill: N=6

Normal 1Q:
N=212

Cognitive delay:
N=15

Fig. 1. Recruitment flowchart of eligible children in the study population.
* The parents of 4 children who declined to participate declared being already
intervened for school performance difficulties.

Table 1
Biodemographic data. Comparison between included and non-included chil-
dren.

Included Non-included p?
227 79
Age of assessmentb; n®) 8 85 (37) 25 (32) 0.468
18 75 (33) 25 (32)
30 67 (30) 29 (37)
Male gender n (%) 128 (56) 33 (42) 0.025°¢
Twin birth n (%) 84 (37) 16 (20) 0.006°
Gestational age (weeks) M (SD) 34.5(3.91) 36.34 (3.68) 0.000°
ASQ-Cl total score M (SD) 232.49 (37.62) 241.58 (39.95) 0.070
Bayley-III total score M (SD) 297.55(29.31) 302.73 (29.72) 0.178

ASQ-Cl = Ages and Stages Questionnaire Third Edition translated to Spanish
and adapted for Chilean population; Bayley Scales of Infant and Toddler
Development 3rd edition.
n = number of children included; M = media; SD = standard deviation.

# Chi-square for categorical data and t-student for continues variables.

b Corrected age at 8 and 18 months for preterm born children.

¢ p>0.05
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15 children with cognitive delay (6.6%) (Fig. 1).

Fig. 2 shows the predictive accuracy of the ASQ-CI and Bayley-III for
cognitive delay. Both tests generate good and equivalent AUC 0.77
[IC95% 0.65-0.89] and 0.80 [CI 95% 0.68-0.93] (p = 0.580) (Fig. 2).
Considering at least one domain in the risk zone, the sensitivity was
67% for ASQ-Cl and 53% for Bayley-III, while the specificity was 72%
and 88% respectively; positive predictive value of 14% and 24%, ne-
gative predictive values of 97% and 96% respectively (Table 3).

No significant differences were found, when comparing the 3 eva-
luation points in the AUC when comparing ASQ-Cl and Bayley-III, ob-
serving a greater AUC in the evaluation done at 30 months (Fig. 3).

Univariate analysis was done considering results at all evaluation
time points for the sample as predictors for cognitive delay; having at
least positive screen in any ASQ-Cl domain represented an odds ratio of
5.07 [CI 95% 1.73-16.84], p = 0.004 while for the Bayley-III test the
odds ratio was 8.18 [CI 95% 2.74-24.42] p < 0.001. In ASQ-Cl the
analysis by domain showed that having a risk zone performance in
communication, gross motor skills and problem-solving domains, were
significantly associated with cognitive delay. The deficit in any domain
of the Bayley-III scale, showed significance for cognitive delay
(Table 4).

4, Discussion

In the present study we found that both ASQ-Cl and Bayley-III tests
were good predictors of cognitive delay, without significant differences
between them (AUC 0.77 and 0.80 respectively). These results could be
expected given the good correlation and concurrent validity between
the two tests previously reported [18]. A recent systematic review,
showed that parent-report screening tools for language, achieved
higher sensitivity, specificity and negative predictive values than direct
child assessment [30]. Another advantage of using parent-report
screening tools such as ASQ is its low cost, and the fact that they do not
require trained personnel for their application. It also empowers and
involves the parents in the neurodevelopment of their children [31,32].

We found modest sensitivity values for ASQ-Cl and Bayley-III (67%
and 53%, respectively), adequate specificity (72 and 88%, respec-
tively), low positive predictive values (14% and 24%) and excellent
negative predictive values (97% and 96%). These results are compar-
able with previous studies [20,21]. However, we must highlight the
longer follow-up period in the present cohort. It is known that the time
span between testing and end point measurement, may influence its
predictive capacity [33]. Charkaluk et al. studied the predictive value of
the 36-month ASQ assessment for cognitive delay at age 5 to 6 years in
the general population, reporting sensitivity values of 77% and a spe-
cificity of 68% [20]. Kerstjens et al. reported sensitivity and specificity
of 89 and 80%, respectively, to predict the need for special education
within 1 year of follow-up, in children evaluated at 4 years with ASQ
from Netherland's general population [10]. Halbwachs et al. analyzed
the predictive capacity of ASQ at 18, 24, or 36 months for severe
learning difficulties at 5years of age in a sample of preterm children,
obtaining AUC between 0.66 and 0.77 [21].

In the analysis by age of assessment, we found good predictive ca-
pacity in all ages in which the ASQ-Cl and Bayley-III were applied,
being greater at 30 months, which coincides with the study by
Halbwachs et al. with ASQ and Doyle LW et al. with the Bayley scale
[21] [22]. There are currently no published studies that compare both
tests.

In our study the domains that best predicted cognitive delay were
communication, gross motor and problem-solving skills of ASQ-Cl. All
the Bayley-III domains predicted accurately the cognitive delay. In a
cohort of children with low risk in which the trajectory of development
with ASQ was evaluated in 11 intervals between 4 months and 4 years
and then the intellectual quotient was measured between 6 and
11 years, Piek et al. demonstrated a relationship between early motor
development and later cognitive function [34]. While in the study of
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Table 2
Demographic characteristics of the study sample according to age of assessment.
8 months” 18 months” 30 months p*
N =285 N=175 N =67
Gestational age group; n (%) At term born > 37° 32 (38) 28 (37) 18 (27) NS
Moderately and late preterm 32°-36"° 33 (39) 32 (43) 31 (46)
Extremely preterm < 32° and/or < 1500g 20 (24) 15 (20) 18 (27)
Birth weight M (SD) 2820.81 (891.56) 2529.17 (832.48) 2557.05 (869.68) NS
Male gender n (%) 54 (64) 43 (57) 31 (46) NS
Twin birth n (%) 25 (29) 26 (35) 33 (49) NS
Hospitalized newborn period n (%) 44 (52) 39 (52) 42 (63) NS
Mother age at delivery M (SD) 31 (5) 324) 324 NS
Mothers with > 13 years of scholar education n (%) 81 (95) 72 (96) 65 (97) NS

ASQ-Cl = Ages and Stages Questionnaire Third Edition translated to Spanish and adapted for Chilean population; Bayley Scales of Infant and Toddler Development

3rd edition.

n = number of children included; M = media; SD = standard deviation; NS = not significant.

# Chi-square for categorical data and ANOVA for continues variables.
b Corrected age at 8 and 18 months for children born before term.

Bayley-1ll

sensitivity

1- specificity

Bayley-IIl

test
Delong's Z= 0.55, p-value = 0.580 ASQ-Cl

ASQ-Cl  AUC=0.769, C195%=(0.648 - 0.890) Bavlev-III

AUC=0.800, C195%=[0.675 - 0.926]

Fig. 2. Comparison of the ASQ-Cl and Bayley-III ROC curves for predicting cognitive delay.

Table 3
Comparison of psychometric properties of the ASQ-Cl and the Bayley-III for
predicting cognitive delay.

ASQ-CI? Bayley-IIT"
Sensitivity 67 (39-87) 53 (27-78)
Specificity 72 (65-78) 88 (82-92)
Positive predictive value 14 (7-25) 24 (11-42)
Negative predictive value 97 (92-99) 96 (92-98)

ASQ-Cl = The Ages and Stages Questionnaire Third Edition translated to
Spanish and adapted for Chilean population; Bayley III = Bayley Scales of
Infant and Toddler Development 3rd edition.

# Children that scored two standard deviations below the mean in any do-
main were considered as a positive screen.

> Children that scored below 80 points in at least one domain were con-
sidered to have a positive screen.

Peyre et al. early language skills more strongly predict later intellectual
quotient disabled children at 5-6 years old [35]. In a meta-analysis that
considered studies performed in children born extremely premature,
Luttikhuizen dos Santos et al. described that mental developmental
index scores in Bayley were strongly predictive for poor cognitive
performance [23].

When studying the predictive capacity of questionnaires, it is im-
portant to consider that prediction is difficult because of numerous
factors that can modify the natural history of children's development,
which include: rapid developmental change, biologic or environmental
variables, developmental interventions, and the fact that testing itself
has an impact on the developmental trajectory [33,36,37]. The en-
riched environment and access to early interventions could have im-
proved the outcome in our studied cohort, explaining in part the low
positive predictive value.

One of the limitations of our study is that we only measure cognitive
development without evaluating other aspects such as motor or socio-
emotional performance, aspects that escaped the objectives of this
study. On the other hand, we could not analyze in depth the intensity of
the interventions received by children and their impact on subsequent
cognitive performance. The small number of children with deficit
probably diminishes the power of our results, and the external validity
is limited as the participants were from medium to high socioeconomic
level in Chile.

Due to the mentioned limitations we should probably consider these
results as preliminary. Nevertheless, our study, with high adherence
rate and long follow-up period, shows promising evidence suggesting a
strong predictive validity of a parent-completed screening test with a
professionally administered cognitive test for cognitive delay at early
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asaal
Bayley Il

DeLong's 2= 104, pvalue = 0298

asacl
Bayley-Il

Fig. 3. Comparison of psychometric properties of ASQ-CI and Bayley-III for predicting cognitive delay according to age of assessment.

Table 4
Univariate analysis of the different developmental domains for predicting
cognitive delay in the total sample (n = 227 children).

Predictor OR 95% CI p
ASQ-Cl positive screen”

Communication 9.42 2.82; 30.22 < 0.001
Gross motor 5.22 1.63; 15.81 0.003
Fine motor 2.35 0.34; 9.79 0.291
Problem solving 4.17 1.07; 13.75 0.024
Social-personal 0.58 0.03; 3.13 0.615
At least one domain at risk zone 5.07 1.73; 16.84 0.004
Bayley-III Scalesdelay”

Cognitive 26.25 4.00; 172.27 < 0.001
Language 7.65 2.28; 25.700 0.001
Motor 6.12 1.87; 20.10 0.003
At least one domain at risk zone 8.18 2.74; 24.42 < 0.001

2 Domain at risk zone was defined as a performance under the cutoff point
(> —2DS) in The Ages and Stages Questionnaire Third Edition translated to
Spanish and adapted for Chilean population (ASQ-Cl).

> Delay was defined as a performance under < 80 points in the Bayley Scales
of Infant and Toddler Development 3rd edition (Bayley-III).

school age (6 to 8 years). Additional studies with a more heterogeneous
and diverse group of children and families are needed to confirm these
results.

5. Conclusions

Our results suggest that, the 8, 18 and 30-month ASQ-CI assessment,
could be used to identify children at risk of cognitive delay at 6 to
8 years of age, being comparable with the Bayley-III scale, traditionally
considered as the gold standard for developmental assessment. The
elevated negative predictive value indicates that if a child has a normal
evaluation early in life, there is a high probability of not having cog-
nitive difficulties in early school age. On the other hand, a low positive
predictive value suggests that even a child with an early evaluation
showing deficit, still has the possibility of an adequate cognitive de-
velopment later in life in the adequate enriched environment. It is
probably important to continue to monitor cognitive development
throughout childhood with special attention to those children with
positive screen in communication, gross motor and problem-solving
domains in the ASQ, and any delay in the Bayley Scale.
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VALIDEZ PREDICTIVA DEL AGES AND STAGES QUESTIONNAIRE;
U '.‘ B UN CUESTIONARIO DE CRIBADO DEL DESARROLLO PSICOMOTOR INFANTIL

Resultados Estudio N°3: Determinar la capacidad del ASQ y otros CCDRP
para predecir las dificultades cognitivas o académicas a largo plazo, en

poblacién general.

Luego de revisar 2.277 citas, se seleccionaron 74 estudios, de los cuales 32
cumplieron los criterios de inclusion, correspondiendo a 10 cohortes. Todas las
cohortes incluidas fueron evaluadas con ASQ, cuestionario que paso por distintos
procesos de validacion y adaptacién. Las cohortes provenian de Sudamérica
(Chile y Colombia), Europa (Catalufia, Holanda, Francia y Noruega), Asia (Corea
del Sur y el norte de India), y Oceania (Australia) 2831 33 64, 68,79, 85 8791 | og
autores de 7 de las cohortes colaboraron con la revision de las fichas de

extraccion de datos.

En 8 cohortes se pudo obtener la asociacion entre ASQ y rendimiento
académico o cognitivo en la etapa escolar. Las asociaciones fueron en general
positivas, en especial si se consideraba el cuestionario en su totalidad, con AUC
entre 0,66 y 0,87, y OR superiores a 3. Un efecto espejo se encontré al revisar la
sensibilidad y especificidad de las cohortes. La heterogeneidad de los estudios no

permitio realizar un metaandlisis.

En la evaluacion de los estudios incluidos, destac6 que el riesgo de sesgo
en la selecciobn de pacientes fue en general baja. Hubo diferencias entre las
cohortes con la definicion de puntos de corte para la definicion de déficit

cognitivo o en la adaptacion del cuestionario.
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Context: Parent/caregiver completing developmental screening questionnaires (DSQs)
for children before 5 years of age is currently recommended. The DSQs recommended
by the American Academy of Pediatrics (AAP) are the Ages and Stages Questionnaires
(ASQ), Parents’ Evaluation of Developmental Status (PEDS), and the Survey of Well-being
of Young Children (SWYC). Nevertheless, their predictive validity has not been well-
established.

Objective: To assess in the current literature, the value of AAP-recommended DSQs
(ASQ, PEDS, SWYC) administered between 0 and 5 years of age, for predicting long-
term cognitive achievement and/or school performance (CA/SP), after 1 year or more of
evaluation and at/or after age 5 years, in the general population.

Data Sources: Cochrane, MEDLINE PubMed, CINAHL, EMBASE, Web of Science,
Scielo, and Scopus databases (until March 2021).

Study Selection: Two authors selected the studies. Forward and backward citation
follow-up was done; authors of DSQ were contacted to identify additional studies.

Data Extraction: Cohorts were identified, and authors of selected studies were
contacted to corroborate and complete extracted data.

Results: Thirty-two publications, corresponding to 10 cohorts, were included. All
cohorts used ASQ. Only cohort using PEDS was identified but did not meet the inclusion
criteria. No cohorts conducted with SWYC were identified. Associations between ASQ
and CA/SP were extracted for eight cohorts. The odds ratios were >3, and the area under
the curve was 0.66-0.87. A trade-off between sensitivity and specificity was observed.

Limitations: Heterogeneity in population characteristics and in DSQ adaptations.
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Predictive Validity of Developmental Screening

Conclusions: A positive association between ASQ and later CA/SP was found in
different social, cultural, and economic settings. Additional studies are necessary to
determine the impact factors in the predictive capacity of DSQs.

Systematic Review Registration: PROSPERO, identifier: CRD42020183883.

Keywords: screening tools, developmental screening questionnaires, cognition, educational difficulties, Ages and

Stages Questionnaires (ASQ)

HIGHLIGHTS

- ASQ is the most widely used developmental screening
questionnaire in follow-up cohorts of young children.

- Positive association between ASQ and later cognitive and/or
school performance was found.

- Trade-off between sensitivity and specificity could be
explained by different scoring methods.

INTRODUCTION

It is estimated that one in six children has a developmental
disability, defined by problems in cognitive, behavioral, language,
learning, or physical performance, which are often more
prevalent in children with biological risk factors such as
prematurity (1-3). Considering that development is a continuum
and that the first 5 years of life are recognized as a critical period
for subsequent cognitive performance and school success, it is
accepted that these disabilities begin in early childhood, under
the definition of developmental delay (DD) (4). Early detection
of DD allows for timely and effective interventions (5, 6). For this
reason, early screening and referral of developmental difficulties
are a critical element in the routine health supervision of children
to guarantee that children have adequate conditions for optimal
learning (7, 8).

Considering that the accuracy of healthcare providers for
detecting DD is low when they rely on judgment or surveillance
alone (9, 10), the current recommendation is to use standardized,
valid, and reliable tools for screening at specific ages (7). The
new guidelines from the American Academy of Pediatrics (AAP)
focus on parent/caregiver-completed developmental screening
questionnaires (DSQs) for children before 5 years of age (11).
If screening results suggest delayed development or if parents
have concerns, the child should be referred to a comprehensive
developmental evaluation, which includes the application of a
developmental diagnostic assessment (7). The Bayley Scale of
Infant and Toddler Development is currently one of the most
used tools with this purpose.

The DSQs recommended in the updated clinical report
of the AAP are the Ages and Stages Questionnaires (ASQ),
subsequently updated as ASQ-3 (12); Parents Evaluation

Abbreviations: DSQ, developmental screening questionnaires; ASQ, Ages and
Stages Questionnaires; DD, developmental delay; AAP, American Academy of
Pediatrics; PDS, Parents’ Evaluation of Developmental Status; PEDS, Parents’
Evaluation of Developmental Status; DM, Developmental Milestones; SWYC,
Survey of Well-being of Young Children; QUADAS-2, Quality of Diagnostic
Accuracy Studies; AUC, area under the curve; OR, Odds Ratio.

of Developmental Status (PEDS) and its complement
Developmental Milestones (PEDS:DM) (13, 14); and the
Survey of Well-being of Young Children (SWYC) (15). These
questionnaires report values of sensitivity and specificity levels
of 70-80%, thresholds recommended by the AAP statement
in developmental screening tests (7, 11). The use of DSQs
has increased in recent years because of their acceptable
psychometric properties, versatility, cost-effectiveness, and
parent empowerment (16-19). These questionnaires have been
validated in a range of cultural and linguistic contexts and are
widely used around the world in general populations and clinical
samples (20-23).

In a recent study, Sheldrick et al, compared the three
recommended DSQs, reporting adequate specificity and
sensitivity for detecting concurrent severe DD (>70%) but
low sensitivity to mild delays (24-62%) among children aged
9 months to 5 years, with no one questionnaire emerging
superior (24). Despite numerous DSQ studies that analyzed
concurrent validity (25-28), the predictive validity of these
questionnaires has not been well-established, probably due to its
complexity (29).

As background information, there are systematic literature
reviews that analyze the predictive validity of developmental
screening tools and developmental diagnostic assessment. In
an extremely premature population, Wong et al., (30) reported
a global sensitivity of 55% and a specificity of 84% of
developmental assessments for identifying those children who
will have cognitive problems later at school age. Luttikhuizen
dos Santos et al., (31) reported that the mental coefficient of
the Bayley test correlated significantly with subsequent cognitive
functioning, r = 0.61.

In the general population, Sim et al, (32) demonstrated
robust predictive validity of later disorders of language
and socioemotional functioning, particularly when parent-
report tools were used. In a recent publication, Cairney
et al, (33) analyzed the predictive value of preschool
developmental assessment on later educational outcomes
in high-income countries, showing a consistent association
between relatively poor early child development and later
educational difficulties. They report ASQ as having the best
correlation despite including only one study using ASQ in
their review (33). Although these studies suggest robust
predictive ability of the DSQs, none of the published studies
analyzed the DSQs as a whole. We are not aware of any
other publication to date that systematically reviews studies
exploring an association between DSQ and later cognitive or
educational performance.
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The objective of this review is to assess in the current literature
the value of AAP recommended DSQs (ASQ, PEDS, SWYCQC)
administered between 0 and 5 years of age, for predicting long-
term cognitive achievement and/or school performance after 1
year or more of evaluation and at/or after age 5 years, in the
general population.

METHODS

Protocol and Registration

Our systematic review protocol was registered in advance with
PROSPERO (International Prospective Register of Systematic
Reviews) on July 5, 2020 (registration no. CRD42020183883).

Eligibility Criteria

Included studies were in English and Spanish languages from
peer-reviewed articles of cohort studies, which included two
or more serial developmental evaluations with at least one
DSQ before 5 years of age and at least one evaluation of
intelligence or academic performance during school age (at
5 years of age or later and with at least 1 year between
evaluations). In the first selection, we included three types of
studies: those with an early developmental assessment, based on
DSQ administered before 5 years of age; studies that conducted
a developmental assessment at school age with intelligence
or academic performance assessments in cohorts previously
assessed with any DSQ; and finally, those that described the
association between DSQ and school age assessment.

We included cohorts assessed with DSQ (ASQ, PEDS,
and SWYC) applied in general populations, in any condition
(whether completed by parents, education professionals, with or
without assistance in completing it). We accepted those cases
in which adjustments of the original test have been made to
local conditions (including language translations, sociocultural
adaptations, and/or validation process).

We excluded studies in which the developmental screening
was performed after 5 years of age; studies that included
concurrent evaluations or with <1-year difference between the
screening test and the learning/intelligence evaluation; studies
focused on children with known conditions or disease that
severely affects development and cognition, such as genetic
and/or metabolic diseases. We excluded prevalence and case—
control studies, because of potentially overestimating the
properties of the test, and case series (34).

Data Sources

A systematic search was carried out in Cochrane, MEDLINE
PubMed, CINAHL, EMBASE, Web of Science, Scielo, and
Scopus databases (until March 13, 2021) to identify the literature
published. For the systematic search, we used the following
terms: “infant,” “child, preschool” for population identification.
The index tests were identified using the terms: “surveys and
questionnaires,” “developmental screening,” “Ages and Stages,”
“Parents Evaluation of Developmental Status,” “Survey of
Well-being of Young Children,” “parents’ evaluation.” Finally,

the terms used to identify the reference test were “intelligence

test”, “developmental disabilities,” “intellectual disability,”

“intelligence,” “academic performance,” “intellectual quotient.”
To complete the search, the authors of the DSQ were

contacted to identify additional studies that met the

inclusion criteria.

Study Selection

A multiple-stage process was used to identify the studies and
the cohorts behind them. First, two authors screened the titles
and abstracts of studies retrieved from the electronic search for
possible inclusion based on the predefined inclusion criteria.
Second, forward and backward citation follow-up for each of
the previously identified studies was done using Google Scholar-
related references. The full text of all relevant studies identified
was evaluated to select studies for final inclusion.

To identify and match the cohorts in the different publications
reported separately, authors, site, and characteristics of the
studied populations were considered. Although each cohort
could have several published studies, only those that contributed
data for either early developmental assessment with DSQ and/or
academic or cognitive tests were included in the review.

Data Extraction

All information included was either published or extracted
from published cohorts with the help of the authors. A data
extraction form was completed for each cohort. The authors of
the different cohorts were contacted to verify the cohorts and to
corroborate the information extracted and to request additional
information necessary to complete the data: author, study design,
site, population, sampling method, sample size, age at DSQ, and
cognitive/academic assessment and scoring method.

When children had more than one evaluation, each DSQ
assessment was considered as a separate point for the analysis.
When there was more than one simultaneous assessment of
academic or cognitive performance, the cognitive assessment was
considered as the most objective.

Evaluation of Risk of Bias

Two reviewers independently evaluated the risk of bias in each
study using the Quality of Diagnostic Accuracy Studies version 2
(QUADAS-2) checklist. Each study was given a grade of “low,”
“high,” or “unclear” for risk of bias and concerns regarding
their applicability (35). Any disagreement between reviewers was
resolved by consensus.

Data Synthesis

A qualitative analysis of the results was performed and
summarized. The population characteristics, type of
reference standard, index test, and reported comparison
measures were summarized for each cohort [area under

the curve (AUC), sensitivity, specificity, positive and
negative predictive values, odds ratio (OR), correlation
coefficients].  When necessary, the findings from the

comparison measures were recalculated based on the more
exact information provided by the corresponding authors.
Based on sensitivity, specificity, and predictive values, 2 x 2
tables were constructed, and the summary receiver operating
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Records identified through database searching Additional records identified through other
(n=2368) sources
(n=174)
A Y

Records after duplicates removed for title and abstract
evaluation (n = 2277)

Records excluded after screening of

A4

titles and abstracts
(n=1881)

Records for full text evaluation
(n=396)

Records excluded after full text

Y

evaluation
(n=322)

Publications selected (n=74)

Studies that had conducted early assessment (n =52)

(n=11)

Studies about cohorts assessed with DSQ and followed with school-age assessment (n = 11)

Studies that had conducted at school age with intelligence or academic performance assessments

Publications excluded.
(n=42)
13 Design does not meet criteria
4 Initial or final screening age did not
meet criteria
4 Screening tools do not meet criteria
6 Lack of connection between early

and late studies

v

A 4

15 Cohorts in course/ not reported the
follow up assessment

32 publications =

[ Included ] [ Full-text evaluation ] [ Title/abstract Screen ] [ Identification ]

10 cohorts included in the qualitative analysis

FIGURE 1 | PRISMA flow diagram.

characteristic and forest plot were calculated using RevMan
5.0. Because of significant heterogeneity, no summary measures
were calculated.

RESULTS

The literature search yielded 2,277 citations after excluding
duplicates. A total of 396 studies were selected for full text
review, selecting 74 studies. Of these, 32 publications met the
inclusion criteria, corresponding to 10 cohort studies (Figure 1).
The cohorts studied came from South America: Chile (19, 27,
36, 37) and Colombia (26, 38, 39); Europe: Catalonia, Spain
(40-43), the Netherlands (28, 44-47); France Poitiers and Nancy
(48) and France Loire (49-51) and Norway (52-54); Asia: South
Korea (55-57) and North India (58-62); Oceania: Australia (63).

Authors from seven of the 10 included cohorts reviewed and
completed the data extraction form.

All the 10 cohorts included ASQ assessments. Only one
prospective study using PEDS was identified but did not meet
the inclusion criteria for this review because of the age of the
children at first assessment (64). No cohorts conducted with
SWYC were identified.

Two of the cohorts used abbreviated forms of ASQ, including
only some domains (Norway and Australia) and one, an extended
form of the test (Colombia). Except for the cohorts from Spain,
France, and South Korea that used the official translated ASQ
versions, the rest used locally translated and adapted versions.
This information could not be obtained for the Australian cohort.
All relevant characteristics are presented (Table 1).

Comparison measures between ASQ and cognitive/academic
performance assessments in school age were extracted for eight
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TABLE 1 | Qualitative summary of included cohorts.

City/Country

Sample

Initial

Index test: Developmental assessment

DSQ N included/N

Reference standard for

Age

characteristics evaluation N tool/Delay threshold assessment age evaluations cognitive/academic at evaluation
and in follow-up assessment/Delay threshold
gestational
age distribution
Australia (63) Different SES Total: 50 Abbreviated ASQ-2. Gross motor and fine 4-48 months (11 33/301 WISC-IV/Threshold for delay not defined, 6-12 years
AT : 35 motor domains/Threshold for delay not ASQ forms) continuous scores were considered
MLPT: 10 defined, continuous scores for Gross Motor
EP: 5 and Fine Motor domains were considered
Catalonia, Middle-high SES Total: 179 ASQ-3 Spanish edition/Score >2 SDs below 48 months 133 Standardized school test of the Education 8-9 years
Spain (40-43) AT. 89 the mean in any of ASQ domains Department of Catalonia. Children scored
LP: 90 LP low on at least in one of the competences
measured by the test:
communicative-linguistic and
mathematics, determined by
defined norms
Chile (19, 27, Middle-high SES Total: 306 ASQ-3 Chilean validation/Score > 2 SDs below ~ 8-18-30 months 232/283 WISC-III/A score of <85 points (equivalent 6-9 years
36, 37) AT 119 the mean in any of ASQ domains to <-1.5 SD) in verbal and/or
MLPT: 124 performance scales
EP: 63
Colombia Poorest SES Total: 770 Extended ASQ (EASQ)/Threshold for delay not 6-42 months (16 470 WISC-V and school 6-8 years
(26, 38, 39) AT. 653 defined, continuous scores were considered ASQ forms) achievement.**/Threshold for delay not
PT: 117 defined, continuous scores
were considered
France, Loire 46.5% upper SES PT GA<35: ASQ- 2 French edition/Overall ASQ scores. 18, 24, and 1,775/4,626 GSA/Children belonging to the first decile 5 years
(49-51) 3197 ROC curves were drawn to establish the 36 months of the GSA score (<38) were considered
GA Median 32 optimal cutoff values to have severe school difficulties.
(IQR 30-33)
France, 16.9% of the Total: 1,225 ASQ- 2 French edition/Overall ASQ scores. 36 months 939 WPSSI-Ill/Score of <85 in verbal, 5-6 years
Poitiers families have AT: 1,156 ROC curves were drawn to establish the performance or full-scale
and Nancy financial difficulties PT: 69 optimal cutoff values
(48) GA Median 40
(IQR 39-40)
Netherlands Population sample Total: 1,983 ASQ-2 translated and adapted to 48 months 1,286 (5 years) Special education, medical childcare 5 years
(28, 44-47) AT. 544 Dutch/Score > 2 SDs below the mean in any of 378 (7 years) centers or having special educational 7 years
MLPT: 927 ASQ domains needs in mainstream education
EP: 512 (enrollment in special education or having
special educational needs in mainstream
education as criteria for developmental
disability.) WISC-IIl NL, parental report of
executive functioning, attention
(TEACH-NL) and memory (AVLT), and
visuomotor integration (Beery) tested/The
10th percentile, defined as a z score
below 1.28, was the cutoff.
(Continued)

‘[B 18 INBYUOYOS

Buiussiog [eyuswdoraq 4O AlpIeA SAI0IPaId


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

BIO"UISIOUOL MMM | SOLIBIPad Ul SISIUOI-

675869 S0V | 6 8WN|OA | 1202 JequienoN

TABLE 1 | Continued

City/Country  Sample Initial Index test: Developmental assessment DSQ N included/N Reference standard for Age
characteristics evaluation N tool/Delay threshold assessment age evaluations cognitive/academic at evaluation
and in follow-up assessment/Delay threshold
gestational

age distribution

North India Low and 422 GA ASQ-3 “home procedure” translated and 12-36 months (11 350 WISC-IVNPA (index scores from three out 6-9 years
(568-62) middle SES not reported culturally adapted to Hindi/ Score below the ASQ forms) of four subtests)/ index scores from three
25th percentile any of ASQ domains out of four subtests, defining general
ability z-score
Norway Population sample 114,500 GA Abbreviated ASQ validated for Norwegian 18, 36, and 8,371 Subscale on writing within the 8 years
(52-54) not reported population: gross motor, fine motor and 60 months communication domain in the vineland
communication scales. Communication scale adaptive behavior scale-ll/threshold for
was modified as an extended form delay not defined, continuous scores
and/threshold for delay not defined, continuous were considered
scores were considered
South Korea Population sample Total: 1,475 Korean ASQ/Not defined 6-12-24-36- 697 WPPSI-R/ A score of 89-80 was classified 5 years
(65-57) AT: 1,395 48 months as low average, 79-70 as borderline, and
PT: 80 69 and below as indicating
GA Mean 38.7 intellectual deficiency
+1.7

SES, socioeconomic status; GA, Gestational age; AT, Born at term (38—-42 weeks GA); PT, Preterm (<37 weeks GA); LR, Late preterm (34-36 weeks GA); MLPT, Moderately and late preterm (32-36 weeks GA); EF, Early Preterm
(<82 weeks GA); ASQ, Ages and Stages Questionnaire; WPPSI, Wechsler Preschool and Primary Scale of Intelligence; WISC, The Wechsler Intelligence Scale for Children; GSA, The teacher-completed Global School Adaptation; IQR,
Interquartile range.

**School achievement was assessed using the arithmetic (calculations) and reading comprehension subtests in the Woodcock-Murioz Test of Achievement (WM-Ill), the Spanish version of the Woodcock-Johnson; and a subset of 75
words from the Test de Vocabulario en Imdgenes de Peabody (TVIP), the Spanish version of the Peabody Picture Vocabulary Test-Revised.
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TABLE 2 | Comparison measures and main results of included cohorts.

City/Country AUC

OR (univariate)

Correlation/other association measures

Australia (63) NR NR

Regression analysis: gross motor trajectory set of
predictors added 19.5% of the variance for Q. Fine
Motor not significant

Catalonia, Spain (40-43) Total sample: 0.73 6.5 [IC 95%, 1.9-22.2] NR
Chile (19, 27, 36, 37) Total sample: 0.8* 6.38" [IC95% 2.1-19.3] NR
8 months: 0.77
18 months: 0.75
30 months: 0.87
Colombia (26, 38, 39) NR NR Pearson correlations on internally standardized

scores Overall score for total sample r = 0.1 6-18
months: problem solving r = 0.19, other domains
not significant 19-30 months: not significant 31-42
months: problem solving and communication r =
0.31; gross Motor: r = 0.25

France, Loire (49-51) 18 months: 0.66 3.8 [3.0-4.8] NR
24 months: 0.72
36 months: 0.77
France, Poitiers, and 0.78 6.7 [IC95% 3.8-12.0] NR
Nancy (48)
Netherlands (28, 44-47) NR 12.9* [IC95% 6.7-25.2] NR
Norway (52-54) NR Communication NR
domain: 3.2-9.8

depending on
developmental trajectories

AUC, Area under the curve; OR, Odds Ratio; 1Q, Intellectual Quotient; NR, Not reported and not possibility of calculation with the available data.

*Values calculated in base to the information sent by the authors.

Study TP FP EN TN Sensitivity (95% Cl) Specificity (95% CI) Sensitivity (95% Cl)  Specificity (95% CI)
Catalonia 7 9 10 107  0.41[0.18,067]  0.92[0.86, 0.96] —a— -
Chile 10 64 5 204  067[0.38,088  0.76[0.71,0.81] —a— -
Netherlands 37 238 12 993  0.76([0.61,0.87]  0.81[0.78,0.83] —a— L]
France PN 53 281 16 589  0.77([0.65 086  0.68[0.64, 0.71] —-— =
France L 388 2171 93 1976 0.81[0.77,0.84]  0.48[0.46, 0.49] L =

FIGURE 2 | Forest plots of the estimated sensitivity and specificity of early developmental assessments for identifying the presence any cognitive impairment or
academic difficulty. FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive; France PN, France Poitiers and Nancy; France L, France Loire.

0020406081 0020406081

of the cohorts (Table 2). In the five cohorts that report results
based on the entire ASQ, a positive association was shown.
Using the extended ASQ, the Colombian cohort reported a low
global correlation at 6-8 years of age, with higher correlations
for the Problem Solving and Communication domains, whereas
in the Chilean cohort, all domains independently were significant
predictors of long-term cognitive difficulties, except for personal-
social. In studies that analyzed abbreviated forms of ASQ,
positive associations were found for communication trajectories
in Norway, and for the gross motor trajectories but not
for fine motor trajectories in Australia, no other domains
were analyzed.

The extracted or calculated AUC ranged between 0.66 and
0.87, and the ORs were all >3 (Table2). In five cohorts,
a 2 x 2 table was constructed, allowing the calculation of
sensitivity and specificity, showing a trade-off between them
(Figures 2, 3).

Risk-Of-Bias Assessment

The assessment of each of the cohort studies for each dimension
of the QUADAS is detailed in Table 3. The risk of bias in
patient selection for most cohorts was low. However, external
validity was limited, because special inclusion criteria based
on gestational age or socioeconomic status were used in some
cohorts. In relation to index test interpretation and applicability,
we found some issues of concern due to differences in the
scoring method and adaptations of the test. Another source
of bias was due to significant dropout rate or follow-up of
specific subgroups.

DISCUSSION

Our search identified 10 cohorts including children from early
age who were all assessed with ASQ and followed to school age.
Eight of these cohorts describe comparison measures showing
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FIGURE 3 | Summary receiver operating characteristic curve of early developmental screening questionnaires for identifying any cognitive impairment or academic
difficulty. Each marker displays the study and is scaled according to the sample size; the line represents the confidence interval. France PN, France Poitiers & Nancy;
France L, France Loire.

adequate capacity to predict later cognitive achievement/school
performance. The ORs reported were >3, and the AUC was
high (0.66-0.87), showing trade-offs in sensitivity and specificity,
which could be explained by the different scoring methods and
thresholds used (28, 36, 42, 48, 50); the optimal cutoff point, for
a screening test, is the one that yields sensitivity and specificity
values >70% (7).

This review is in line with the results reported in both
the reviews by Cairney et al, (33) and Sim et al.,, (32) that
showed a consistent association between different developmental
screening assessment tools and later educational performance.
They reported better predictive capacity especially when using a
parent-reported assessment than direct child assessment.

Our review expands these results by including studies using
adapted/translated versions of ASQ, which increases the evidence
supporting its widespread applicability. Some groups have
adapted the form of application of the test, such as the “Home
Procedure” model in India, abbreviated form in Norway and
Australia, and extended ASQ in Colombia (26, 53, 58, 63). All
these modifications could potentially impact the psychometric

properties of the test, as shown by Velikonja et al., (25) in the
analysis of ASQ concurrent validity studies. The heterogeneity
regarding age at evaluation could also impact the results. In
only two cohorts, a trend to improved predictive properties
of the tests with assessment age was observed (37, 50). The
heterogeneity among the studies did not allow conclusions
in the domain analysis, as only some of the cohorts were
included analysis by domain, and two cohorts used abbreviated
forms of the ASQ, including only specific domains of the
test (36, 52, 63).

The cohorts emerge from different socioeconomic, clinical,
and cultural backgrounds. Some cohorts were population-
based, whereas others corresponded to samples with specific
socioeconomic or biological characteristics, which could
compromise external validity of this data. It has been shown
that the prevalence of DD increases with biological and
psychosocial adversity (22, 65). In extremely premature
infants, the predictive validity of developmental diagnostic
tests has been well-established (30, 31). These variables
can modify the developmental trajectories of children and,
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TABLE 3 | Risk of bias and concerns about applicability.

Risk of bias Concerns about applicability
Country/city Patient Index Reference Flow and Patient Index Reference
selection* test** standard*** timing**** selection* test** standard***
Australia Low Not clear Low Low Not clear High Low
Catalonia, Spain Low Low Low Low High Low Low
Chile High Low Low Low High Low Low
Colombia Low Not clear Low High High High Low
France, Loire Low High Low High High Low Low
Francia, Poitiers, and Nancy Low High Low Low Low Low Low
Netherlands Low Low Low Low Low Low Low
North India Low Low Low Low High Low High
Norway Low Not clear Low Not clear Low High High
South Korea Low Not clear Low Not clear Low Low Low

France PN, France Poitiers and Nancy; France L, France Loire; ASQ, Ages and Stages Questionnaires; EASQ, Extended ASQ; SES, Socioeconomic Status. *Patient Selection, High
risk of bias: Non-consecutive or non-random sampling methods. In Chile the sample was an opportunity sample. In Australia: newspaper and radio announcements, and snowballing
techniques considered as low risk of bias. High concerns regarding applicability: Special inclusion criterion based on gestational age or socioeconomic status characteristics of the
population. Only children from medium and high SES in Chile and Catalonia. Only children from medium-low SES in Colombia and India. Only preterm in Francia L. **Index Test, High
risk of bias: Scoring methods and thresholds were defined after reviewing the reference standard. In France P&N and France L the cutoff points for ASQ were defined based on the
ROC curve of the reference standard. High concerns regarding applicability: Special adaptations that can‘t extrapolated to other population groups. Colombia adapted ASQ- EASQ. In
Norway and Australia include only some scales of ASQ. ***Reference Standard, High risk of bias: Inappropriate test used for population under study or if assessors were not blinded
to results of early developmental test. Not reported in any cohort. High concerns regarding applicability: Nonuniversal tests. In Netherlands a series of parameters including Physical
conditions and school support requirements. In Norway only one domain was used. ****Flow and Timing, High risk of bias: Participants received different assessments, if all children

were not included in follow-up or if dropout rate were >35%. In France L the dropout rate was 55%. In Colombia true positives were excluded.

consequently, the predictive capacity of the questionnaires
(44, 66).

Another factor that could alter developmental trajectories is
the interventions carried out in children, data not reported by
any of the cohorts. Only in the study from Catalonia was there
evidence of a lack of association between the evaluation carried
out at the age of 4 years and referral to support programs in
development (42). It is described that in real world, referral
rates for early intervention among children with positive screens
ranged from 10-86% (67, 68).

STRENGTHS AND LIMITATIONS

The limitations of this review include great heterogeneity in
population characteristics and in the way DSQ was used,
such as thresholds considered and special adaptation of the
questionnaires. Therefore, any summary result resulting from
meta-analysis would be uninterpretable and will not allow any
subgroup analysis. In addition, the variability of both initial
and outcome assessments makes the mathematical synthesis of
results difficult. In addition, several current ongoing cohorts are
being studied and will need to be included in the future. There
are currently no published studies of cohorts using SWYC and
PEDS:DM as they are relatively new. Only one prospective study
using PEDS was identified but did not meet the inclusion criteria
for this review (64). Other studies analyzed the predictive validity
of some DSQ for adaptive skills and behavior or social-emotional
problems at school age. Although this is outside the purpose

of this review, they contribute to understanding the scope of
developmental screening in early stages of life (69, 70).

One of the key strengths of this review is the systematic
and comprehensive literature search that is highly sensitive
in capturing all available data relevant to the research
question in different social, cultural, and economic settings.
The presented analysis was based in cohorts and not
individual studies with potentially overlapping populations
with the additional advantage of having contacted a
significant number of authors to corroborate and better
extract data.

CONCLUSIONS

ASQ is the most widely used DSQ in follow-up cohorts.
Associations between early ASQ assessment and later cognitive
achievement/school ~performance have been established,
suggesting it is a promising tool in early child assessment in
different social, cultural, and economic settings. Additional
studies are needed to determine the impact of different
settings, prematurity, developmental interventions, age at
assessment, and test adaptations in the predictive capacity
of DSQ.
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DISCUSION

Esta tesis integra tres trabajos de investigacion realizados por separado, en
distintas poblaciones y con objetivos independientes, los que se encuentran
entrelazados por aspectos clinicos y metodolégicos comunes. El aspecto clinico
estudiado fue el andlisis de la capacidad predictiva del ASQ para detectar
dificultades del desarrollo, en distintos contextos culturales. Desde el punto de vista
metodoldgico se usaron distintas medias de asociacion como Odds Ratio, curvas
de ROC vy correlaciones. Este tema se considerd relevante, dado que existente
abundante evidencia acerca de la importancia de la deteccion temprana de
dificultades del desarrollo, debido a que la neuroplasticidad cerebral infantil nos

brinda oportunidades de intervencién precoz y efectiva °2.

La pregunta de investigacion, ¢ cudl es la confiabilidad y validez del ASQ en
muestras de bajo riesgo bioldgico y socioeconémico en Catalufia y Chile, y cual es
su capacidad para identificar aquellos nifios con mayor riesgo de presentar
dificultades académicas o cognitivas a largo plazo?, fue respondida a través de los

objetivos en cada uno de los trabajos:

Evaluar la confiabilidad de los cuestionarios de 24 y 48 meses del ASQ-3 en
espafol en una muestra de nivel socioeconémico medio alto de un Hospital

de Barcelona %°,
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Estudiar la validez predictiva del ASQ-3 aplicado a los 8, 18 o 30 meses para
detectar nifios que tendran déficit cognitivo en la etapa escolar, en una
muestra de nivel socioeconémico medio alto Santiago de Chile °*.

Determinar la capacidad del ASQ y demas CCDRP, para predecir bajo

rendimiento cognitivo o académico en la poblacion general %,

En el primer trabajo se demostré que el ASQ es un instrumento confiable
para el cribado del DSM, tanto en nifios nacidos a término como en prematuros
tardios, y que existe una correlacién positiva y significativa entre las evaluaciones
realizadas a los 24 meses y los 48 meses. La presencia de 2 o mas dominios en
zona de riesgo fue predictor de déficit del desarrollo a los 48 meses, no asi cuando

hay s6lo un dominio en zona de riesgo *°.

En el segundo estudio se demostr6 que el ASQ tiene una adecuada
capacidad para identificar aquellos nifios que tenian menor rendimiento cognitivo en
la etapa escolar, comparable con la prueba de Bayley, considerado como escala de
referencia. El tener déficit en algin dominio en el cuestionario ASQ-CI o en el test
de Bayley-lll, fue predictor de déficit cognitivo (con OR cercano a 5). Para el ASQ-
Cl los dominios que fueron significativos fueron comunicacion, motricidad gruesa y
resolucion de problemas; mientras que con la escala de Bayley lll, todos los

dominios fueron significativos °*.

Finalmente, en el tercer trabajo, a través de una revision sistematica de la

literatura, se identificaron cohortes que siguieron nifios evaluados precozmente con
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CCDRP, como es el ASQ, y luego fueron seguidos y evaluados desde el punto de
vista de rendimiento académico y/o desarrollo cognitivo. En las cohortes que
reportaron medidas de asociacion, como curvas de ROC, OR o correlaciones,
destacandose asociaciones en general positivas, en especial si se consideraba el

cuestionario no modificado.

Desde el punto de vista metodologico, se utilizaron los disefios apropiados
para responder a cada pregunta, con el menor riesgo de sesgo posible, a modo de

disponer de evidencia de alto nivel.

Para el primer trabajo, que evalud la validez del ASQ en espafiol en
Barcelona y su capacidad predictiva entre los 2 y 4 afos, utilizando un disefio de
cohorte prospectiva, similar al disefio del segundo trabajo, cuyo objetivo fue evaluar
la validez predictiva del ASQ validado en Santiago de Chile, para la deteccién de
dificultades cognitivas en la etapa escolar. En el Ultimo trabajo, se realiz6 una
revision sistematica de pruebas diagndsticas para identificar la literatura publicada
en relacion con la validez predictiva del ASQ y otros CCDRP, de este modo, se pudo
conocer el estado del arte en el tema y las medidas de asociacién empleadas por
los distintos investigadores, logrando establecer asociaciones entre el desarrollo

infantil temprano y el desempefio académico y cognitivo posterior.

En el analisis de las medidas de asociacion, al usar datos categoricos, es
decir presencia o no de cribado positivo, frente a presencia o no de dificultades

académicas, el uso de OR fue el método de eleccion. Las curvas de ROC fueron
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utilizadas cuando se utilizaron resultados categoricos de la variable dependiente y
continuos de la independiente, permitiendo obtener andlisis de sensibilidad,
especificidad y valores predictivos (los que dependen del punto de corte
seleccionado); mientras que las correlaciones son las recomendadas cuando
ambas variables son continuas. Si bien en la revision sistematica se pudo ver la
congruencia entre las distintas medias de asociacion, desde el punto de vista clinico,
el uso de OR y valores predictivos son de mas clara interpretaciéon y, a la larga,

permiten reunir los datos en un metaanalisis.

En las siguientes lineas se profundizar4 en cada uno de los estudios, se
discute sobre las relaciones entre las 3 publicaciones y se contrastan los hallazgos
con la bibliografia publicada. Para terminar con las fortalezas, limitaciones, los
aprendizajes logrados y las proyecciones. Ademas, se comenta sobre estudios
relacionados que se desarrollaron durante el mismo periodo, pero no forman parte
de la tesis, como lo es el estudio de validez predictiva del ASQ para dificultades

académicas en Barcelona.

En el primer estudio de cohorte se demostré que el ASQ-3 en espafiol es
confiable para la evaluacion del desarrollo al considerar el puntaje global, pero con
una consistencia interna cuestionable en el andlisis de dominios, comparable a lo
reportado en la literatura °® °* °>, Por otro lado, encontramos correlaciones entre los
dominios y el puntaje total de moderadas a elevadas, coincidiendo con lo reportado
por Lopes y cols. en la validacién del ASQ de Portugal °4, mientras que la correlacion
entre los dominios fue baja, lo que es esperable, dado que apuntan a distintas

habilidades del desarrollo.
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La correlacion fue significativa entre los puntajes obtenidos en la evaluacion
de los 24 y 48 meses, destacando un OR muy significativo cuando habian 2 o més
areas bajo el punto de corte en el ASQ-3 de los 24 meses. En este aspecto, no
encontramos diferencias significativas entre los dominios, sino que, en la suma de
estos, lo que podria guardar relacion con las trayectorias del desarrollo, es que, en

la mayoria de los nifios de bajo riesgo biolégico, es estable 7 6.

Este resultado se condice con la definicion de deficiencia global del desarrollo
para nifios menores de 5 afos, que corresponde a la presencia de un déficit
significativo (es decir, un rendimiento inferior a -2 DS) en 2 0 mas dominios del
desarrollo. Es sabido que la deficiencia global del desarrollo es un continuo con la
discapacidad intelectual a largo plazo °’. Por este motivo, distintos investigadores
han revisado la definicion de déficit en ASQ, demostrandose una mayor
especificidad al considerar 2 0 mas dominios bajo el punto de corte o al utilizar el
puntaje total > /% 72, La cohorte de Barcelona fue seguida a mas largo plazo, y se
evidencié que la evaluacion con ASQ-3 realizada a los 48 meses tiene una
capacidad aceptable para predecir el menor rendimiento académico a la edad de 8

a 9 afios (AUC 0,73, OR, 6.5 [IC 95%, 1.9-22.2]) .

Coincidiendo con los hallazgos del estudio de Barcelona, en el segundo
estudio de cohorte, se reportd que el ASQ-3 validado en Chile tiene una adecuada
capacidad para predecir el menor rendimiento cognitivo en la edad escolar, siendo
estos resultados comparables con los obtenidos con la escala de Bayley,
considerado como prueba de referencia. La equivalente predictibilidad podria ser

esperable dada la buena correlacion entre ambas, demostrada en estudios
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previos®!. Al considerar al menos un dominio en zona de riesgo, encontramos
regulares valores de sensibilidad y adecuada especificidad, con excelentes valores
predictivos negativos. En el analisis por edad de evaluacion, se describié una mejor
capacidad predictiva a los 30 meses, comparado con las evaluaciones realizadas a
menor edad, lo que coincide con lo reportado por Halbwachs y cols. con ASQ %4y
Doyle y cols. con la escala de Bayley “°c. En el andlisis por dominios, lo que resulté

mas significativo fue: comunicacion, motricidad gruesa y resolucion de problemas.

A modo de aportar a la comprensiéon mas global de la capacidad predictiva
del ASQ y otros CCDRP recomendados por la AAP, el analisis se complet6 con una
revision sistematica de pruebas diagnosticas. En 2 revisiones sisteméticas
realizadas en poblacion general y recientemente publicadas, se ha mostrado una
asociacion robusta entre las evaluaciones del desarrollo y el rendimiento académico
y/o cognitivo en la etapa escolar y se ha insinuado que cuando se utilizan CCDRP,
la capacidad predictiva es superior que las evaluaciones directas realizadas por
profesionales &% %, no obstante, en ambos estudios hubo poca representacion de

CCDRP.

A pesar de encontrar diferencias en las caracteristicas de las cohortes y las
medidas de asociacion empleadas 2831 33 64, 68,79, 85 8791 " en sy mayoria, las
asociaciones, fueron positivas, con un efecto espejo entre sensibilidad y
especificidad, que podria ser explicados por los diferentes puntos de corte y criterios

utilizados en la definicion de déficit del desarrollo 64 79 85 88,91
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Es importante considerar que la prediccién en si es dificultosa porque existen
numerosos factores que pueden modificar la historia natural del desarrollo,
incluyendo los rapidos cambios que experimentan los nifios, las variables biolégicas
y ambientales, ademas de las intervenciones que pueden tener los nifios a partir de
las evaluaciones '°° %1, Uno de los posibles riesgos de la aplicacién de los cribados
de desarrollo es la sobre-derivacién ** 192193 aunque clinicamente, podria ser mas

relevante la infra-derivacion o sub-pesquisa de nifios con dificultades.

Desde ese punto de vista, es debatible la correccion de la edad gestacional
hasta los 2 afios de edad en nifios prematuros. Los detractores argumentan que al
ser menos exigentes se pierden oportunidades de intervencion; al respecto, es
importante mencionar que el ASQ tiene ventanas de tiempo para su aplicacion, y
mientras menos prematuros son los nifios, y a mayor edad, se estrechan las
ventanas de edad corregida y cronoldgica. En el estudio de Barcelona, al comparar
las correlaciones entre la evaluacion realizada a los 2 de edad corregida y 4 afios
cronolégicos, los resultados fueron més consistentes en los PT que en los nifios

nacidos AT %°,

Estudios han demostrado que el principal valor de la monitorizacién del
desarrollo con ASQ, se basa en su elevado valor predictivo negativo, mientras que
el valor predictivo positivo es mas bien bajo °* &8 . 104 probablemente porque los
problemas mas sutiles del desarrollo pueden resolverse en el tiempo, mientras que
existe menor posibilidad de que aparezcan otras dificultades a medida que crecen
las exigencias que se hace a los nifios, especialmente en poblaciones de mayor

riesgo biolégico, como son los prematuros ’.
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De los estudios analizados, solo en la cohorte de Barcelona se reporto la
derivacion a intervencion temprana, evidenciando una baja asociacién entre la
evaluacion con ASQ y la participacion en programas de apoyo al desarrollo . Este
resultado no nos sorprende, ya que a nivel internacional se describe que entre el 10
y el 86% de los nifios con cribados positivos son derivados a una evaluacion mas
especializada '°> '%¢, Sin duda, la derivacion es superior en condiciones en que las
dificultades del desarrollo son clinicamente evidentes, comparado con cuando solo
son pesquisadas por un cuestionario. Es necesaria mayor evidencia para conocer
su real impacto de las dificultades sutiles del desarrollo en el desempefio cognitivo

posterior 1,

Limitaciones, fortalezas y aprendizajes

Las limitaciones de los estudios realizados en Barcelona y Santiago de Chile
fueron las muestras pequefias, en nifios que crecieron en ambientes enriquecidos
culturalmente, y que no fueron analizadas las posibles intervenciones en su
desarrollo. Por otro lado, s6lo se evalué el desempefio cognitivo, sin considerar
otros aspectos del desarrollo como es la motricidad o el desempefio socio
emocional, aspectos que escaparon a los objetivos de los estudios, y que sin duda
son de gran relevancia en el desarrollo de los nifios. No obstante, la fortaleza de
ambos estudios se basa en el estrecho seguimiento de los nifios y la elevada

adherencia a las evaluaciones.
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La principal limitacion de la revision sistematica fue la gran heterogeneidad
de las poblaciones incluidas, tanto a nivel biologico (como las distintas edades de
los nifios o el antecedente de prematuridad) como sociocultural, las distintas
adaptaciones del ASQ (desde formas abreviadas a formas extendidas) y las
diferentes formas de definicion de déficit del desarrollo: lo que no permitié un

metaanalisis y menos aun, el andlisis por subgrupos.

Adicionalmente, debemos considerar que actualmente hay cohortes en curso
con resultados aun no publicados, que no pudieron ser incluidas. Sin embargo, la
principal fortaleza del estudio, fue la busqueda sistemética y exhaustiva de la
literatura que permitié identificar la informacion disponible en relacion con la
pregunta de investigacion y el contacto con los autores de las cohortes, para

corroborar la informacién obtenida.

Otro aspecto discutible, es el enfoque utlizado, que fue de pruebas
diagnésticas en lugar de pronéstico '°’. La eleccién de la metodologia de pruebas
diagndsticas diferidas, se fundamenté en el hecho que el desarrollo infantil temprano
(antes de los 5 afos de vida) y la discapacidad intelectual, son un continuo, y la
mayoria de los nifios tienen trayectorias estables en su desarrollo °’. Durante el
periodo en que se realizd esta tesis, fueron publicados otros estudios de validez
predictiva de pruebas de cribado, con distintos matices; ambos utilizaron las
medidas de sensibilidad y especificidad y OR, y Cairney, ademas, regresiones
lineares % %°, En otros 2 metaandlisis sobre la capacidad predictiva de pruebas
diagnosticas en prematuros extremos, Wong y cols. consideré curvas de ROC,

sensibilidad y especificidad ', mientras que Luttikhuizen, Dos Santos y cols., utilizé
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un modelo predictivo con correlaciones ®2. Sin duda, esta es una historia que se esta
empezando a escribir, y estd marcando una pauta para las investigaciones de

validez predictiva que se encuentran en curso.

Reflexiones y definicion de lineas de investigacion

Durante la pandemia de COVID-19 tomaron especial relevancia los CCDRP,
debido a la necesidad de empoderar a los padres y desarrollar atencién via remota.
Los CCDRP que estan liderando la oferta son aquellos recomendados por la AAP.
En Santiago de Chile y Barcelona, paralelamente, comenzaron a adaptarse,
validarse y utilizarse el ASQ hace mas de 10 afios, en poblaciones de caracteristicas
socioeconémicas y culturales similares. En Espafia, se proyecta continuar la
investigacién, ampliando la muestra para el seguimiento de los prematuros tardios
a nivel nacional. En Clinica Alemana de Santiago, se firm6 un convenio con la
editorial Brookes Publishing y, a partir del afio 2020, se incorporé el ASQ en version
online, para la monitorizacién del desarrollo de todos los lactantes y preescolares
que acuden a su control de supervision de salud, a edades especificas. Esta
innovacion ha tenido un impacto clinico muy significativo, y a su vez, permitira
continuar el seguimiento de los nifios a largo plazo, para agregar nueva evidencia
acerca de las trayectorias del desarrollo y la capacidad predictiva de los
cuestionarios; incluso en poblaciones de bajo riesgo, en que las dificultades pueden

ser mas sutiles.
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e = — <2

Las conclusiones derivadas de cada uno de los estudios contribuyen a la
practica clinica, al demostrarse que, en Barcelona, el ASQ e confiable, y la
evaluacion realizada a los 2 afos tiene capacidad para predecir las dificultades del
desarrollo a los 4 afios. A mas largo plazo, en Chile, se demostré que las
evaluaciones realizadas a los 8, 18 y 30 meses, tienen una adecuada capacidad

predictiva de las dificultades cognitivas en la etapa escolar.

Estos resultados fueron corroborados a través de una revision sistematica de
la literatura. El elevado valor predictivo negativo para el déficit cognitivo y/o
académico, apoya su uso como prueba de cribado del desarrollo, o que ha sido
reportado por otros autores '°“. Se demostrd un efecto espejo entre la sensibilidad
y la especificidad, lo que depende fundamentalmente del criterio y punto de corte

utilizado.

La ventaja de usar CCDRP, como es el ASQ, se debe a su bajo costo: no
requiere de personal entrenado para su aplicaciéon y empodera a los padres en la
vigilancia del neurodesarrollo de sus hijos. Esto permite la monitorizacién continua,
identificando el momento en que un nifio presenta dificultades, para poder

implementar una intervencion oportuna.

Sin duda, se requieren estudios adicionales para conocer el impacto de las
distintas adaptaciones, las condiciones bioldgicas y socioculturales, de las
intervenciones tempranas y de las distintas edades de evaluacion, en la capacidad

predictiva de los CCDRP.
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llustracién 5: Infografia con principales conclusiones tesis

CCDPR: Cuestionarios de Cribado de Desarrollo basados en el Reporte de Padres o Cuidadores
ASQ: Ages and Stages Questionnaire, OR: Odds Ratio,

AUC: Area bajo la curva, S: Sensibilidad, E: Especificidad
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