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ABSTRACT

Introduction. The systematic assessment of child
developmentin the firstyears of lifeis an essential
component of pediatric health checkups. The
Ages and Stages Questionnaire, third edition
(ASQ-3) is the most validated scale, and has
been recommended by the UNICEF to verify if
childrenhaveanormalneurological development.
It is a monitoring instrument to assess the main
developmental areas, including communication,
gross motor, fine motor, personal-social, and
problem solving skills, and to compare the local
population to the international development
standards.

Objective. To validate the ASQ-3 in a pediatric
population group.

Methods.Childrenaged 1-66 months were assessed
atapublichospital by pediatricians, psychologists,
and educational psychologists. The SSPS software
package was used to determine population scales.
Results.In630 children, whohad ahomogeneous
sex distribution, an 88% sensibility and a 94%
specificity were determined, with a positive
predictive value of 88% and anegative predictive
value 0f 96%, compared to the National Screening
Test (Prueba Nacional de Pesquisa, PRUNAPE)
and the cut-off scores for each age group.
Conclusion. The ASQ-3 established that
19.5% of children were at risk of experiencing
neurodevelopmental disorders. The ASQ-
3 met psychometric properties compared to
the PRUNAPE, which is the gold standard
for the targeted and systematic assessment
of developmental milestones during health
checkups in a rapid, simple and cost-effective
manner, so it was considered useful to monitor
child neurological development.
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INTRODUCTION

The United Nations International
Children’s Emergency Fund (UNICEF)
promotes the use of structured
scales to detect neurodevelopmental
disorders.! The World Health
Organization (WHO) considers that
at least 5% of the population suffers a
psychomotor development disorder,?
which is more common in developing
countries.>*

The Committee on Children of
the American Academy of Pediatrics
(AAP) recommends that preventive
care visits throughout the first 5 years
of life should include a structured
and systematic surveillance of
development using standardized
developmental screening tests
administered, at least, at three ages
(9, 18, and 24 or 30 months old) and
autism detection tests should also be
administered at 18 and 36 months
old.® This is based on different
studies that have demonstrated that
pediatricians’ clinical judgment is
not enough to identify delays during
health checkups because they are not
able to detect 30-50% of psychomotor
development deficits so that early
interventions could be implemented.®®

Detection may be done using
questionnaires or tests, depending
on their administration (Table 1). The
Denver Developmental Screening
Test II (DDST-II)® helps to detect
developmental problems occurring
between 0 and 6 years old. It explores
four areas: gross motor, fine motor-
adaptive, language, and personal-social
skills, which are assessed by observing
the child’s performance and asking
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questions to parents. Performance is classified
into normal, suspect or developmental delay. It
is an extensively used American test with a high
specificity level but a low to moderate sensitivity.®
In Latin America, the National Screening Test
(Prueba Nacional de Pesquisa, PRUNAPE) is the
adaptation of the DDST-II and has been validated
in a population of 106 children in Argentina.'
Its biggest advantages are that it was adapted

based on typical cultural traditions and was a
ground-breaking tool that has been used in Latin
America. In relation to its disadvantages, besides
the lack of sensitivity of the DDST-II, it requires
specific professional training, therefore making it
expensive and taking time of the staff from socio-
environmental risk areas away from training
centers. For this reason, the PRE-PRUNAPE
questionnaire was introduced, which can be

TaBLE 1. Description of child neurological development screening tools

Title Type Age range |Areas Duration Psychometric Materials
properties
Ages and Stages Questionnaire 1-66 months | Communication, 10-15 minutes | 70-90% sensitivity; Pencil and
Questionnaire (ASQ- |for parentsin | old fine and gross e paper, self-
3},12 Squires, Potter |English, French, motor, problem 76-91% specificity; administered
and Bricker. 1999, Spanish, and solving and 94% testing-retesting by parents
UsA® other languages. personal-social. reliability; 44-83% internal | and
21 age ranges: consistency; ?E_i_,gl% observers
2-66 months old. concurrent validity. ;’(‘)’_elrs min.
Testing-retesting
reliability: 0.91.
Inter-rater reliability: 0.92.
Parents' Evaluation |Questionnaire |0 months- |Motor, behavior, 5-10 minutes | 74-79% sensitivity; Pencil and
Developmental for parents in 8 years language, self- o paper.
Status (PEDS), English, Spanish, reliance, and 70-80% specificity;
Glascoe, USA™ and Vietnamese, academic skills. 81-95% reliability.
Bayley Infant Administration |3-24 months | Cognitive 30 minutes 75-86% sensitivity; Material kit.
Neurodevelopmental |and observation |old processes, o
Screener (BINS). test in English. receptive, 75-86% specificity;
USA expressive
functions.
National Screening |Administration |0 months- | Personal-social, fine | 20-40 minutes | 80% sensitivity; Material kit.
Test (Prueba and observation |6 years motor, gross motor, .
Nacional de test in Spanish. and language skills. 93% specliicity;
Pesquisa, 94% positive predictive
PRUNAPE),"” value;
Lejarraga, 2005,
Argentina 77% negative predictive
" value; 85% percentage of
PRE-PRUNAPE coincidence.
Psychomotor Administration |0-2 years Motor, 15-20 minutes |85.7% sensitivity; Material kit.
Development Scale |and observation coordination, social, _
(Escala del Desarrollo| test in Spanish. and language skills. 81.0% specificity.
Psicomotor, EDDP),
Rodriguez, Arancibia
and Undurraga,
2001, Chile®®

Local early diagnosis test.
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administered in a simpler manner but has a low
sensitivity, approximately 43%."

Squires increased detection by attaining
a 90% sensitivity and a 91% specificity with
the validation of the 1999 Ages and Stages
Questionnaire (ASQ),"? the ASQ third edition
from 2009, and the ASQ:SE (social emotional)."
It may be self-administered or the questions may
be asked by a pediatrician or any other health
care provider or education professional, it does
not require specific training, and is rapidly
administered. It saves time during the pediatric
office visit and, in more than 80% of cases, families
are very interested in completing a structured
follow-up of their children’s development.®

In 2002, the AAP recommended the use
of a systematic screening and this resulted in
a more than two-fold increase of their use by
pediatricians during health checkups' and of
treatment access for 80-90% of screened children.
At least 86.7% of the Argentine urban population
undergoes health checkups throughout the first
3 years of life; of these, more than a half (51.6%)
are done in the public health sector, especially
primary health care centers, facilitating the
administration of this structured questionnaire.

OBJECTIVES

e The primary objective of this study was
to assess the ASQ-3’s ability to determine
whether a child is at risk for developmental
delay.

* As a secondary objective, the ASQ-3’s
psychometric properties were established
and the cut-off scores from 1 to 66 months old
were determined.

e Lastly, the frequency of neurodevelopmental
disorders in the studied population was
assessed.

METHODS

A quantitative, non-experimental,
transactional, and descriptive study was done
with non-probability sampling, where the
collected sample had the same proportion of
subjects than the entire population in relation to
the studied phenomenon.

A total of 2780 children aged 1-66 months
attended the Teaching office for a health checkup
at Hospital C. Durand and the hospital’s daycare
center between March 2013 and February 2014.
Of them, 60% came from the central-western
area of the Autonomous City of Buenos Aires
and approximately 40%, from the first and

second belts of Greater Buenos Aires. All
participants signed an informed consent and the
study was approved by the Ethics Committee.
A quota sample of 30 subjects was obtained at
random from each of the 21 age groups resulting
from the original questionnaire to include the
variability range of the child population, collected
consecutively.

The exclusion criteria were as follows: as
a reason for consultation, children with
developmental disorder, high perinatal risk,
diagnosis of auditory or visual sensory disorder,
and clinical or neurological chronic conditions at
risk for developmental delay.

The Graffar Méndez!'* demographic survey
was used to determine the family socio-
environmental level, and the ASQ-3, in all cases
compared to the PRUNAPE, was used as the
gold standard to establish the test’s validity.

The Graffar Méndez'® survey is based on the
study of family social characteristics, employment
of the head of the household, level of maternal
education, sources of family income, and
household comfort. Social status was established
based on the sum of these scores; families living
in relative poverty and extreme or critical poverty
conditions have the highest scores (IV and V).
Social strata were correlated to government and
UNICEEF statistics.”

The ASQ-3 is a child developmental progress
screening questionnaire including 30 questions
from 5 domains: communication, gross motor,
fine motor, problem solving, and personal-social,
based on milestones that should be achieved
between 0 months old and 5.5 years old. It may
be completed by a non-specialist observer or self-
reported by parents, and has a 93% reliability.
The characteristics described in Table 1 show
that the ASQ-3 is the most validated scale in the
developmental surveillance field'® and has been
recommended by the UNICEF in the assessment
toolkit for emerging countries.'

It was decided to have the parent questionnaire
completed by the health care provider to prevent
any comprehension difficulties resulting from a
lower level of reading skills. “Yes” was marked to
indicate that their child demonstrated the ability to
do the specific activity described by the item, which
corresponded to 10 points. “Sometimes” indicated
that the skill was emerging and corresponded to
5 points, and “Not yet” was selected to indicate that
the child had not yet shown evidence of the ability
to do that specific activity, and awarded 0 points.
The sum of all items in each domain is transferred
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to a grid to classify performance based on the cut-off

points established for each age and domain (Annex).

The sum of each questionnaire by cut-off level may

fall into one of three areas:

e White area: the child is developing according
to expectations.

e Gray area: the child is developing in the
borderline of expectations; it corresponds to a
score < 1 standard deviation from the mean (-1
SD). Stimulation guidelines may be provided
and rescreening should be scheduled one
month later.

e Black area: the child’s performance is below
expectations and he/she shows difficulties and
requires a referral for a diagnostic evaluation
by an appropriate provider; it corresponds to a
score < -2 SD of the mean.

The screening is considered positive if the
child’s score falls below expectations in at least one
domain.

Mean and SD for each month and domain
were estimated based on a non-parametric
analysis, which did not require the normality of
outcome measures. The calculated percentiles
established the cut-off points to classify the
sample into normal, moderately atypical, and
extreme groups, described in the grids by age.

The ASQ-3 was compared to the PRUNAPE
administered by the same experimented provider
on a different day. The PRUNAPE is a set of
standardized developmental items for healthy
children aged 0-5.99 years including question
and test items for each age group.’® A population
made up of 106 children from Argentina with
adequate sensitivity and specificity psychometric
properties was established and is detailed in
Table 1.

FIGURE 1. Descriptive analysis of development outcome measures

The test’s validity was determined using
sensitivity, specificity, positive predictive value,
and negative predictive value parameters. A
descriptive analysis of the studied outcome
measures was done using a box plot; then
normality tests were done for each domain in each
age group using two non-parametric tests: the
Shapiro-Wilk normality test and the Kolmogorov-
Smirnov test; lastly, and considering the nature
of distribution in each subgroup (domain and
age), the Z-scores were estimated as 0, -1, and -2
SD. This way, the cut-off points were identified
to establish a classification into high, middle and
low. According to results, the distribution was
abnormal (Figure 1), so non-parametric tests were
used for data processing.

The SSPS 15 package was used for statistical
processing. The age groups into which the
test was segmentedComo usar galochaswere
established as independent outcome measures
and the ASQ-3 domains, as dependent outcome
measures. The cut-off points were established
by identifying sensitivity, specificity, positive
predictive value, and negative predictive value.

Children who showed neurodevelopmental
deficit in the screening were referred for
neurological and neuropsychological assessment
to complete the diagnosis and start a treatment.

RESULTS

A total of 630 children aged 1-66 months
and with a homogeneous sex distribution were
assessed; they had been randomly selected from
the hospital’s health checkups and daycare center
and whose parents had agreed to participate.
Thirty-five children were excluded because
they had attended to consult about a delay

Developmental domain scores

30 .

1.5 .

-1.5 0 1.5

3.0 45 6.0
Standard deviation

Multivariate analysis of the population (N = 630 children) by age strata and deviation from the normal curve



ASQ-3: Validation of the Ages and Stages Questionnaire for the detection of neurodevelopmental disorders in Argentine children |/ 11

in developmental milestone achievement.
The overall sample was used to make a local
adaptation and establish scales.

It was determined that the questionnaire
administered to the mothers took 10-12 minutes
among 95% of the sample. It was administered in a
short period of time and easily scored. It was also
easy to train the rest of the hospital staff, and it only
required a scoring sheet, pencil and paper, and a
sheet with stimulation guidelines to be delivered
to the parents who took the questionnaire, which
were the only expenses besides the initial kit, so it
was considered a cost-effective tool in our country
to control healthy children. In relation to the social
composition of the final sample, socio-demographic
strata were described using the Graffar Méndez
survey. Most subjects corresponded to a middle
socio-economic level III (20%), and IV (27%), and
to a low level V (33%). Socio-economic strata
distribution corresponding to high socio-economic
levels I (7%) and 11 (13%) was in accordance with the
local population.

Mean and SD values by age are described in
the Annex. The ASQ-3's empirical validity was
acceptable, both in terms of sensitivity (88%)
and specificity (94%), and in relation to positive

TaBLE 2. Descriptive statistics and agreement between the
Ages and Stages Questionnaire and the National Screening
Test

ASQ PRUNAPE Total
Positive Negative

Positive 139 19 158

Negative 30 442 472

Total 169 461 630

Empirical validity

Sensitivity: 88%
Specificity: 94%
Positive predictive value: 88%
Negative predictive value: 96%

ASQ: Ages and Stages Questionnaire;
PRUNAPE: National Screening Test.

predictive value (88%) and negative predictive
value (96%) compared to the PRUNAPE. A
contingency table was developed to estimate
the agreement level between the ASQ-3 and the
PRUNAPE (Table 2). Results show a x2 test value
of x2 = 300.554 and a P value < 0.01; therefore,
there is evidence of a highly significant level of
dependence among results. The testing correlation
for the overall analysis to identify the deficit and
normal subjects was significant (r: 0.81; p: 0.00).

As aresult, 19.5% of children were categorized
as being at risk and 12.6% as having a clinical
diagnosis in one or more domains. Tables 3 and
4 describe in detail the frequencies by age and
developmental area.

TasLE 3. Frequency of neurodevelopmental deficit
by age group according to the Ages and Stages
Questionnaire-3 in 123 children

Months  Sample Deficit ~ Frequency/30 children
N per group (%)

2 30 6 (9.5%)
4 30 6 (9.5%)
6 30 3 (4.7%)
8 30 4 (6.3%)
9 30 5 (8%)
10 30 3 (4.7%)
12 30 1 (17%)
14 30 3 (4.7%)
16 30 4 (6.3%)
18 30 3 (4.7%)
20 30 6 (9.5%)
22 30 4 (6.3%)
24 30 6 (9.5%)
27 30 4 (6.3%)
30 30 4 (6.3%)
33 30 8 (12.7%)
36 30 8 (12.7%)
42 30 10 (15.9%)
48 30 10 (15.9%)
54 30 6 (9.5%)
60-66 30 9 (14.2%)
Total 630 123 (19.5%)

% of children with neurodevelopmental deficit by age

TABLE 4. Frequency of risk for deficit by developmental area in 123 children

Deficit Children  Frequency Clinical diagnosis Diagnosis Frequency
N N/630 (%) N N/630 (%)

Communication 29 4.6 Language and communication disorders 27 43

Gross motor 25 4 Motor disorders 16 2.5

Fine motor 24 3.8

Problem solving 23 3.6

Personal-social 22 35

Personal-social + communication 7 11 Autistic spectrum disorder 7 11

Overall 31 4.9 Overall developmental delay 30 4.7

Total risk 123 19.5% 80 12.6%
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DISCUSSION

The primary objective of this study was to
assess the ASQ-3’s ability to determine whether
a child is at risk for developmental delay. The
most important bias observed when extrapolating
the ASQ to other countries is language. In 2009,
the questionnaire was validated in different
countries, such as Chile and Peru,® using the
Spanish version developed by Ellen McQuilkin.

The answers given by parents about their
children are reliable? because inter-observer
reliability studies reported that the assessment
made by health care providers is consistent with
that made by parents, especially if the latter
answer questions about their children’s present
development.!? Parental observations, even
considering the differences by socio-economic
level, geographic location or parental well-being,
provide reliable information about their children’s
development,?? with a testing-retesting reliability
after two weeks above 90%.'?

The original ASQ-3 study assessed 15 138
North American children. The psychometric
properties were established with a high
specificity, sensitivity, positive predictive value,
and negative predictive value. It showed a high
specificity and negative predictive value; for
a screening scale, this meant that if the ASQ-3
had a normal result, it was highly unlikely for
a child to have a developmental deficit, i.e., it
minimized the possibility of failing to detect
children with an actual developmental delay, one
of the main strengths of the questionnaire.?* These
psychometric properties were maintained for the
local adaptation.

Cut-off scores were determined for 1 to
66 months old. Compared to the North American
standards, the Buenos Aires population
showed a lower performance, especially in the
communication and problem solving areas as of
12 months old.”

It is important to consider the population cut-
off scores for comparison purposes. The studies
conducted by Rubio-Codina et al. in Colombia
did not find a correlation between performance
in the ASQ-3 and the Bayley Scales of Infant
and Toddler Development —American versions—
without considering population characteristics
and local validations for any of the two scales.”® A
pilot study to compare the ASQ-3, the PRUNAPE,
and the PRE-PRUNAPE screenings in Argentina
showed that the ASQ-3 had the highest specificity
and was more easily implemented.*

Lastly, the frequency of neurodevelopmental

disorders in the studied population was assessed,
and it was consistent with the frequency of
developmental delay reported for South American
countries, with a higher incidence of deleterious
socio-environmental factors (violence, inattention
or neglect), growth deficit, and disease control.”
The predominance of low social levels (IV and
V) was consistent with the local population
epidemiology.!” These results were lower,
especially as of 12 months old, which was then
maintained at all ages, similarly to what was
observed in the validation for the Colombian
population,?” compared to the original sample
from the United States.

The biggest limitation of this study was the
use of a local population. It could be extended to
other Argentine regions and larger population
samples so as to obtain homogeneous standards
and greater diversity.

For future guidelines, it would be interesting
to reproduce and extend results to different
populations and to establish their broad,
systematic use among pediatricians during health
checkups. Multivariate samples should be used
to establish how the questionnaire functions in
children with special needs. In addition, its use
could be studied in populations with risk scores
to measure the effectiveness of early interventions
among children with scores falling in the gray area.

CONCLUSIONS

e In the studied population, the ASQ-3
effectively discerned in a short period of time
which children were suspected to have a
neurodevelopmental problem.

e It was observed that the ASQ-3 met the
psychometric properties necessary for a targeted
and systematic assessment of development during
health checkups with cut-off scores adapted to the
local 1-66-month-old population compared to the
gold standard screening test, the PRUNAPE.

e Also, 19.3% of children were categorized as
having a deficit based on the test standards in
the studied population.

The ASQ-3 was valid as a standardized
method for the assessment of neurological

development in the studied population. B
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ANNEX

Answer grids for the Argentine population based on the established cut-off points

Age:2months | Cut-off | Total 45 50 55 60
Area score
Communication | 30-39 O O O O
Gross motor 23-37
O O 0O O
Fine motor 35-43
O OO0 O
Problem 15-30
solving o O O O
Personal-social |31-39
O OO0 O
Age:4months | Cut-off| Total |0 5 10 15 20 25 30 35 40 45 50 55 60
Area score
Communication | 29-40 O O O o O o
Gross motor 35-43
O O O 0O O
Fine motor 21-34 s = :
O O OO0 O OO0 O
Problem 26-37 l
soling O 00O O0O0O O
Personal-social | 30-40
O 0| O OO0 O
Age: 6 months | Cut-off | Total 45 50 55 60
score
Area
Communication | 36-44 o o o O
Gross motor 22-34
O O O O
Fine motor 30-40
Q 00 O
Problem 38-46
solving O O O O
Personal-social | 31-40
O OO0 O
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Age: 8 months | Cut-off | Total 50 55 60
score
Area
Communication | 40-47 O O O
Gross motor 26-38
O O O
Fine motor 43-49
OO0 O
Problem 46-51
solving O O 0O
Personal-social | 36-44
O O
Age: 9 months | Cut-off | Total 60
score
Area
Communication | 36-44 o
Gross motor 31-40
O
Fine motor 23-35 O
Problem 33-42
solving O
Personal-social | 26-36
O
Age: 10 monthsi |Cut-off | Total 40 45 50 55 60
score
Area
Communication | 30-40 o O O O o
Gross motor 33-43
O O O O O
Fine motor 28-39
O O OO0 O
Problem 39-47
solving o o O O O
Personal-social | 31-41
O O OO0 O
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Age: 12 months | Cut-off | Total 0 5 10 15 20 25 30 35 40

Area score

Communication | 10-26

O
O
@)
@)
@)

O
@)

Gross motor 7-24

Personal-social | 8-24

O O O O O O
Fine motor 10-26

O O ‘o e 0 O
Problem 3-20
solving O o O O O O o

O O O O O

Age: 14 months | Cut-off| Total
score

40

Area

Communication | 23-35

O

O
O
O

Gross motor 19-34

Fine motor 12-28
Problem 21-34
solving

Personal-social | 30-40

o/o | 0|0

0O/ 0 | 0|0
OO0 | 0|0

Age: 16 months | Cut-off | Total 0 5 10 15 20 25 30 35 40

Area score

Communication | 17-27

O
O

Gross motor 33-43
Fine motor 33,3-42
Problem 35-43
solving

Personal-social | 34-42

O/0 | 0|0
OO0 | 0|0
O|O0 | 0|0
OO0 |0 O
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Age: 18 months | Cut-off | Total 0 5 10 15 20 25 30 35 40 45 50 55 60
Area score
Communication | 3-19 O O o o ‘ O O O o O O o o
Gross motor 29-41
O QO O OO0 O
Fine motor 31-41
O O O OO0 O
Problem 20-32
solving O OO0 O O OO0 O
Personal-social | 30-40
O OO OO0 O
Age: 20 months | Cut-off | Total 0 5 10 15 20 25 30 35 40 45 50 55 60
Area score
Communication | 7-23 O o O O o O O O o o o
Gross motor 16-33
O O OO0 O 00O O
Fine motor 26-37
O O OO0 O
Problem 27-37
solving O O OO0 O
Personal-social | 25-37
O OO O OO0 O
Age: 22 months | Cut-off | Total 0 5 10 15 20 25 30 35 40 45 50 55 60
Area score
Communication | 4-21 O o O O
Gross motor 30-40
O OO0 O
Fine motor 26-36
O OO0 O
Problem 23-34
solving O OO0 O
Personal-social | 32-41
O OO0 O
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Age: 24 months |Cut-off | Total 45 50 55 60
score
Area
Communication |21-33 O O O O
Gross motor 38-45
O O O O
Fine motor 25-33 O O O O
Problem 28-38
solving O O O O
Personal-social | 25-36 O O O O
Age: 27 months |Cut-off | Total 35 40 45 50 55 60
score
Area
Communication |14-30 O O O O O O
Gross motor 25-37
OO0 O O O O
Fine motor 10-24
O O O OO0 O
Problem 24-35
solving O O O O O O
Personal-social | 20-33
O O O OO0 O
Age: 30 months |Cut-off | Total 60
score
Area
Communication | 28-39 O'
Gross motor 37-43
O
Fine motor 27-37 O
Problem 19-32
solving O.
Personal-social | 29-38 O
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Age: 33 months |Cut-off | Total 60
score
Area
Communication |11-28 O
Gross motor 40-47
O
Fine motor 12-27 O
Problem 12-28
solving O
Personal-social | 35-43 O
Age: 36 months |Cut-off | Total 45 50 55 60
score
Area
Communication |18-32 o O O O
Gross motor 36-44
O O O O
Fine motor 27-37 o O O O,
Problem 18-32
solving O O O O
Personal-social | 20-32
O OO0 O
Age: 42 months |Cut-off | Total 45 50 55 60
score
Area
Communication | 25-33 o O O O'
Gross motor 39-46
O O O O
Fine motor 16-27
O OO0 O
Problem 17-31
solving O O O O
Personal-social | 35-43
O OO0 O
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Age: 48 months |Cut-off | Total 35 40 45 50 55 60
score
Area
Communication |22-33 O O O' O O O
Gross motor 21-28
O O O OO0 O
Fine motor 26-39 -
O | O OO0 O
Problem 14-28
solving O o O O O O
Personal-social | 18-32
O O O OO0 O
Age: 54 months |Cut-off | Total 45 50 55 60
score
Area
Communication |20-34 O O O O
Gross motor 40-47
O O O O
Fine motor 15-28
O OO0 O
Problem 11-25
solving O O O O
Personal-social | 27-36
O OO0 O
Age: 60 months |Cut-off | Total 55 60
score
Area
Communication |20-32 O O
Gross motor 39-45
O O
Fine motor 10-26 O O
Problem 15-27
solving O O
Personal-social | 31-41
O O




