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Abstract Keywords:
Introduction: The Ages and Stages questionnaires (ASQ) has been recently validated in our country Psychomotor
for developmental screening. The objective of this study is evaluate the validity of ASQ to predict low development;
cognitive performance in the early years of schooling. Patients and method: Diagnostic test studies Screening;
conducted on a sample of children of medium-high socioeconomic level were evaluated using ASQ Ages 'fmd St'ages
at least once at 8, 18 and/or 30 months old, and later, between 6 and 9 years old, reevaluated using the questionnaires;
Wechsler Intelligence Scale for Children-third edition (WISC-III). Each ASQ evaluation was recor- Learn.u?g;
ded independently. WISC-III was standardized, considering underperformance when the total score Cognitive
development.

was under -1 standard deviation. Results: 123 children, corresponding to 174 ASQ assessments (42 of
them were 8 months old, 55 were 18 months and 77 were 30 months of age) were included. An area
under the ROC curve of 80.7% was obtained, showing higher values at 8 months (98.0%) compared
to 18 and 30 months old (78.1 and 79.3%, respectively). Considering different ASQ scoring criteria,
a low sensitivity (27.8 to 50.0%), but a high specificity (78.8 to 96.2%) were obtained; the positive
predictive value ranged between 21 and 46%, while the negative value was 92.0-93.2%. Conclusion:
ASQ has low sensitivity but excellent specificity to predict a low cognitive performance during the
first years of schooling, being a good alternative to monitor psychomotor development in children
who attend the private sector healthcare in our country.

Introduction

Identifying psychomotor development disorders
is a fundamental component of health supervision for
children to receive timely treatments. Given that the
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clinical impression is rather ambiguous, in particular
when assessing children with no identifiable risk fac-
tors'?, the American Society of Pediatrics recommends
a psychomotor development screening through stan-
dardized tests at 9, 18 and/or 30 months old?, while a
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similar practice is observed in the Primary Health Care
of our country”.

There are different systems for measuring a psycho-
motor assessment; some must be applied by a trained
professional, with the drawbacks of being a time-con-
suming task for the professional and a different expe-
rience for the child, while others can be implemented
by the parents or caregivers in the natural environment
of the child®. The advantages of the latter are low cost,
smooth implementation and parents’ involvement®”.

One of the reporting method is the Ages and Sta-
ges Questionnaires (ASQ), which was developed at the
University of Oregon in the 1980s, and subsequently
updated and validated in many countries®®. Over the
last decade, it has gained widespread popularity in the
US™. ASQ consist of a series of questionnaires targe-
ting different age groups, which screens 5 domains,
communication, gross motor, fine motor, problem
solving and personal-social.

Based on the original validation, a child is at risk of
developmental problem, and referred to a more specia-
lized assessment, in case of a performance below -2 stan-
dard deviations (SD) in at least one of the questionaries’
segments®. However, there is debate regarding this in
recent research because with a performance below the
cut off in two or more domains, the ASQ specificity in-
creases'' "%, while efficiency overall improves when the
total score is considered''*. Independent from the ap-
proach, it has been observed that when parents conduct
the assessment, the search for possible development
disorders significantly increases>'®, anticipating up to
30% referral increase among evaluated children®'¢. The
current evidence is unclear as most of the research co-
rresponds to concurrent studies; therefore, there is a
need to design prospective research that helps to define
a deficit criterion with a real clinical impact.

In our country, ASQ was validated in a broad sam-
pled community”. In a sub-sample of medium-high
socioeconomic level children with a seemingly typi-
cal development, the concurrent validity of ASQ was
assessed with sensitivity and specificity values of 73%
and 81% respectively'. A positive screening was ob-
served in 14% of the children'; however, the future
development of these children is unknown.

The objective of this study is evaluate the validity of
ASQ to predict low cognitive performance in the early
years of schooling in a sample of children of medium-
high socioeconomic level, and also, to compare the
diagnosis accuracy of many ASQ criteria as predictors
of below average cognitive performance.

Patients and Method

This diagnostic test study was conducted on a sam-
ple of children of medium-high socioeconomic level
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who were evaluated using ASQ at least once (at 8, 18
and/or 30 months old), between 2008 and 2011, and
later, between 6 and 9 years old, re-evaluated using the
Wechsler Intelligence Scale for Children-third edition
(WISC-III). Each ASQ evaluation was recorded inde-
pendently.

Inclusion Criteria

Previously evaluated using ASQ at 8, 18 and/or 30
months old, without history of neurological, congeni-
tal or metabolical disease, or with a non-fluent Span-
ish speaker caregiver. In case of children born at less
than 37 weeks gestational age, their 8 and 18 month-
old ages were corrected, but at 30 months old, their
chronological age was considered.

Exclusion Criteria

History of a breakthrough condition which may
affect the development, such as meningitis, CNS tumor
disease, vascular accident, severe head injury, diagno-
sed after the ASQ. Children that were living oversees
or were 9 years old at the time of evaluation were also
excluded.

Children with serious developmental disorders
(who did not have a diagnosis at the time of ASQ), who
were not in school attendance and/or able to participa-
te in the evaluation, were not examined by WISC-IIJ,
but considered underperformance in the final analysis.

The parents of the children were contacted by
phone and agreed to participate through an informed
consent. Subsequently, they filled in a form regarding
bio-demographic, neonatal and academic antecedents,
plus possible developmental and cognitive-related
diagnosis and interventions of the children. All chil-
dren had at least one parent that attended college and
belonged to families in the fifth income quintile.

Instruments

Ages and Stages questionnaire®

A series of 21 questionnaires for children aged 2
months-5 years. Each questionnaire screens 5 doma-
ins, 6 questions each, evaluating different aspects of the
psychomotor development, such as: comunicacion,
gross motor, fine motor, problem solving and perso-
nal-social. They are multiple choice questions with
answers «yes» (10 points), «occasionally» (5 points)
o «not yet» (0 point); the scores of each domain are
added for a possible total of 60 points per area. At the
end, a separate section of 7 open questions to explore
possible parents’ concerns can be found; however, they
were not considered in this analysis. The parents filled
up the ASQ forms based on the age group. The ques-
tionnaires were validated in our country by Schonhaut
and Armijo (2013 y 2015)'78.
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Wechsler Intelligence Scale for Children-third edition®

It is an individually administered clinical instru-
ment to evaluate the cognitive performance of children
between the ages of 6 and 16 and 11 months, using 13
subtests, 6 verbal scale tests and 7 performance scales.
Children performance is summarized in 3 composite
scores, verbal, performance and total IQ coefficients.
This Scale was standardized and adapted in Chile by
Ramirez and Rozas in 2007*. Only the total IQ coeffi-
cient was considered in this analysis.

WISC-IIT was implemented by a group of ASQ
result-blind trained psychologists. The evaluations
where performed either at the doctor’s office or at the
patients’ home, and the scores were given after a con-
sensual review by the participating professionals. In
the end, the parents received a report of the children
performance.

Definition of psychomotor development delay risk
according to Ages and Stages questionnaries

Total ASQ scores were standardized and transfor-
med into a Z-score in each age group to be analyzed
as a whole. Various delay criteria were analyzed: per-
formance < -2 standard deviation (SD) at least in one
developmental area; performance < -2 standard devia-
tion (SD) in 2 or more areas; total score < -2 DS.

Definition of low performance according to the
Wechsler Intelligence Scale

The WISC-III score obtained standardized for the
simple under study and a low performance was defined
as the total score was 1 SD below average.

This reasearch was approved by the Faculty of Me-
dicine, Clinica Alemana-Universidad del Desarrollo
Ethics Committee.

Results

123 children with history of at least one previous
ASQ assessment were included. The WISC test was
used on 121 children, and 2 children with diagnosis of
developmental disorders were not evaluated, but con-
sidered in the final analysis, therefore, a total of 174
ASQ evaluations were analyzed. Among these children,
73 were full term babies, 34 had been born preterm
between 32 and 36 weeks and 16 had been born before
32 weeks of gestational age (table 1).

Of the total number of ASQ evaluations, 42 were
performed at 8 month old, 55 at 18 months old and 77
at 30 months old. 7 children had 3 evaluations, 37 had
2 and the rest had been evaluated once (table 1).

The total score obtained using the WISC-III scale
presented a normal distribution, with an average va-
lue of 114.8 and a standard deviation of 12.8 (Shapiro-
Wilk statistics test for normality, p = 0,19). 15 children
met the low performance criteria with the WISC-III
scale (13 with performance below —1 SD and two
children could not be evaluated), corresponding to a
12.2% of the sample.

Table 1.

N (%)
Statistical Analysis Numero de nifios incluidos 123 (100)
The normality of the distribution of WISC-III Género
and ASQ scores was analyzed using the Shapiro-Wilk Masculino 70 (56,
test. WISC-III standardized scores, separated in two Femenino 53 (43,1)
groups: underperformance and normal performance Edad gestacional
were used as development consolidation indicators. RNT 73 (59,3)
ROC curves were created to determine ASQ scores ac- PMT 34 (27,6)
cording to age group, which improve diagnosis accura- PE 16 (13,0
cy in low performance cases. Gemelar
Although there is no absolute standard to interpret ’S\I'O 3(3) ggi)
the area under the curve (AUC), it is widely accepted ) . 3 '
that an AUC of 0.5 is a test without predictive value; NL;mer o de evaluaciones con ASQ por nifno —
0.6 and 0.7 values are considered acceptable; 0.7 to 0.9 5 37 (30’0)
as good and higher than 0.9 as excellent??. DeLong test 3 7 57)
was used. to compare the relative precision obtained Total evaluaciones 174 (100)
among different age groups when identifying cases of -
low performance, comparing the AUC of all ROC cur- Bel QRN
ves obtained®. § meses (2 B
18 meses 55 (31,6)
ASQ psychometric properties were analyzed (sen- 20 MEsEs 77 (44,3)

sitivity, specificity and predictive values) using various

PE: prematuros extremos (edad gestacional < 32 semanas de gestacion);
PMT: prematuros moderados y tardios (32-36 semanas de edad gesta-
cional); RNT: recién nacidos a término (37-42 semanas de gestacion).

developmental delay risk criteria previously defined.
Analyses were perform using R Statistical®, specifi-
cally with the implementation of the pPROC module®.
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Figure 1.
Table 2. j
Criterio ASQ Sensibilidad Especificidad VPP VPN Sobre-referencia Infra-referencia
Q::';Sff;taje 333(14,4589) 92,9(87,4-96,3) 353(153-613) 92,4(867-958) 64,7(32,9-82,5) 7,6 (4,4-14,0)
ﬁ'_r;egsos unared  50,0(26,8-73,2) 78,8(71,4-84,8) 21,4(10,8-37,2) 93,2 (87,1-96,6) 78,5(62,8-89,2)  6,8(3,4-12,9)
Dosomasareas  578(107-53,6) 96,2 (91,4-984) 455(18,1-754) 92,0(864-955 54,5(24,6-81,9) 80 (4,5-13,5)

<-2DS

DS: desviacion estandar; VPN: valor predictivo negativo; VPP: valor predictivo positivo.

38

In ROC curve analysis, the total ASQ scores produ-
ced an area under the curve of 80.7% (CI 95%: 71.8 to
89.5). Figure 1 shows ROC curves at ages when ASQ
took place with the low WISC-III performance as refe-
rence; a great precision was observed at 8 months old
with an area under the ROC curve of 98.0% (CI 95%:
94.3 to 100), compared to 18 (78.1%) (CI 95%: 60.1-
96.0) and 30 months (79.3%) (CI 95%: 67.3 to 91.4)
where precision was overall good. A comparison of
curve precision using DeLong test showed significant
differences between: 8 versus 18 months (D = -2.13,
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gl = 58.7, p = 0.037); 8 versus 30 months (D = -2.90;
gl =90.0; p = 0.004); but no significant differences bet-
ween 18 versus 30 months were observed (D = —0.12;
gl =99.16; p = 0.907).

A comparison of different psychomotor develop-
ment delay risk criteria showed no significant differen-
ces among ASQ psychometric properties. When consi-
dering total score < -2 SD, sensitivity values of 33.3%
and specificity values of 92.9% were obtained; when at
least 2 areas below the cutoff point were considered,
sensitivity was 27.8% and specificity 96.2, while with at
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least one area below the cutoff point, sensitivity raised
to 50.0% and specificity decreased to 78.8%. Positive
predictive value ranged from 21.4% to 45.5%, and
over-referral percentages varied from 54.5% to 78.5%.
Negative predictive values ranged from 92.0% y 93.2%
in the 3 analysis criteria (table 2).

Discussion

An area under the ROC curve of 80.7% was obser-
ved in this study, a good overall discriminative capacity
of the ASQ to predict a lower cognitive performance
during early child education. This was reflected in
adequate specificity values (78.8% to 96.2%), but low
sensitivity (27.8% to 50.0%), regardless of the risk cri-
terion used.

These results are not coincident with the studies by
Halbwachs et al., who reported a high sensitivity (80%)
and moderate specificity (54%) in a sample of prema-
ture infants®, whereas Kerstjens et al., based on the
area under the cut-off point criterion, obtained 89%
and 80% sensitivity and specificity, respectively, to
predict the need for special education within a year of
follow-up?. No other studies that show the predictive
validity of ASQ to foresee lower cognitive performance
in the long term have been published.

In our analysis, low positive predictive values
(21.4% to 45.5%) were overall observed, with a high
percentage of over-referral, 2 areas under the cut-off
point criterion produced the closest rate of over- re-
ferral to the expected 30%*'¢. The problem of over-re-
ferral is its high economic and family costs involved?,
important factors to consider when establishing public
health policies. Furthermore, under-referral rates were
below 10%, which was acceptable®.

Unlike what was reported by Halbwachs using ASQ,
and by Doyle using the Bayley scale?®*, a tendency to
improve the ASQ psychometric properties as children
age increased was not observed. At 8 months, a ROC
curve with an excellent discriminative capacity (AUC
98%) was obtained compared to 18 and 30 months
where AUC was overall good (78.1% and 79.3%, res-
pectively). Considering that the lower limit of confi-
dence interval exceeded 50% in all cases, it is suggested
that ASQ nonrandomly identifies children with possible
developmental disorders. At 8 months old, gross motor
development disorders were predominant compared to
other domains®', which shows how intertwined the di-
fferent areas of development are.

In order to obtain a correct analysis of our results,
the fact that the evaluated children grew up in a cul-
turally enriched environment and had received other
evaluations and interventions, not analyzed in this stu-
dy, should be considered as it could be associated with
better cognitive and/or academic performance®>*. The

high overall performance of children, with a low pre-
valence of real developmental problems, could explain
the low positive predictive values and the high over-
referral obtained in our study. Another limitation is
the fact that it is an opportunity sample, not allowing
statistical inference. Also, the fact that only cognitive
development is measured without evaluating other
domains of development, such as motor or social-
emotional performance can be questionable, aspects
not considered in the objectives of this study and coin-
cident with other publications on the subject**?’.

We concluded that, in the sample under study,
ASQ has low sensitivity but excellent specificity to pre-
dict a lower cognitive performance during early child
education. Considering the high percentage of over-
referral, we recommend that a child be referred for
a more comprehensive assessment if he or she has 2
or more areas below the cut-off point. Children who
have a delay in one area, a stimulation plan and a sub-
sequent reassessment with ASQ are suggested. Our re-
sults confirm the importance of early developmental
assessment, and ASQ is a good alternative to monitor
the psychomotor development of children who attend
the private sector healthcare in our country.
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