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1 | INTRODUCTION

Abstract

Aim: This retrospective, longitudinal study examined the predictive value of the ages
and stages questionnaire (ASQ) in late infancy for identifying children who progressed
to have low cognitive ability at 5 years of age.

Methods: The ASQ was performed on 755 participants from the Irish BASELINE birth
cohort at 24 or 27 months of age. Intelligence quotient was measured at age 5 with
the Kaufmann Brief Intelligence Test, Second Edition, and low cognitive ability was
defined as a score more than 1 standard deviation below the mean. The ASQ’s predic-
tive value was examined, together with other factors associated with low cognitive
ability at 5 years.

Results: When the ASQ was performed at 24 or 27 months, the overall sensitivity for
identifying low cognitive ability at 5 years was 20.8% and the specificity was 91.1%.
Using a total score cut-off point increased the sensitivity to 46.6% and 71.4% at 24
and 27 months, but specificity fell to 74.1% and 67.2%, respectively. After adjusting
for ASQ performance, maternal education and family income were strongly associ-
ated with cognitive outcomes at 5 years.

Conclusion: The ASQ did not detect the majority of children with low cognitive ability

at age 5. Alternative methods need investigation.

KEYWORDS
ages and stages questionnaire, cognitive ability, early child development, early intervention,
Kaufman brief intelligence test

many domains of life including mental and physical health, educational

attainment, socio-economic status and substance use.’”’ Despite

Children with low average cognitive ability represent a substantial pro- the well-established adverse impacts, approximately 13% of children
portion of children with often unrecognised difficulties."? Early defi- whose cognitive ability falls into this lower range receive little atten-
cits in cognitive ability are associated with later adverse outcomes in tion in scientific literature and often little recognition in ordinary life.2

Abbreviations: ASQ, ages and stages questionnaire; 1Q, intelligence quotient; KBIT-2, Kaufman brief intelligence test second edition; SD, standard deviation.
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Defining this level of cognitive ability can be difficult. The
International Classification of Diseases, 11th Edition clearly defines
adisorder of intellectual development as one that is characterised by
significantly below average intellectual functioning and adaptive be-
haviour that are approximately two or more standard deviations (SD)
below the mean on appropriately normed, individually administered
standardised tests.® The intellectual functioning of some children is
substantially below the population average, but they do not meet
these criteria. They remain in a grey area between average intellec-
tual functioning and disordered intellectual development. Children
with more significant intellectual developmental disorders display
marked deficits that are likely to be detected during routine devel-
opmental screening. However, children in the grey area may not dis-
play overt signs during infancy. Their cognitive difficulties may go
unrecognised until they experience repeated failures or behavioural
problems at school.»”?

Early interventions are best focused on the first five years of life,
a fundamental period in cognitive development, and the aim of rou-
tine developmental screening is to identify infants who would ben-
efit from such interventions.'® The American Academy of Pediatrics
recommends that parent-reported measures should be considered
during routine developmental screening and the Ages and Stages
Questionnaire (ASQ) is one example.** The ASQ is a parent-reported
qguestionnaire designed to discriminate between children with devel-
opmental delays and typical development.!? The National Steering
Group for the Revised Child Health Programme has recommended
its use during the Irish 24-month public health nursing assessment.*®

Studies have suggested that the ability of the ASQ to predict
below average childhood intelligence quotient (IQ) depends on the
cohort and the cut-offs used.***> The ASQ has high specificity at a
general population level and may effectively identify children not at
risk of neurodevelopmental disorders.*® A significant shortcoming of
many developmental screening tests is that they do not adequately ac-
count for the social environment to which the child will be exposed.?”
Charkulak et al found that the performance of the ASQ for identifying
children with low 1Q is dependent on the maternal education level.*®

This study examined the predictive value of the ASQ performed
in late infancy for identifying those who progress to have low aver-
age cognitive ability at 5 years of age. We also assessed whether the
24-month or 27-month ASQs would have a better predictive value if
an optimal cut-off, based on the total score, was used. Finally, we ex-
amined other important factors associated with lower than average
cognitive ability in early childhood.

2 | METHODS

2.1 | Participants

The study population consisted of mothers and infants from the
Irish Cork BASELINE Birth Cohort Study, which started in 2008.Y
BASELINE recruited 1583 of the 2183 participants (73%) from the
Screening for Pregnancy Endpoints study, a multi-centre prospective
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Key Notes

e This study assessed whether using the Ages and Stages
Questionnaire at 24 or 27 months of age identified chil-
dren with low average cognitive ability at 5 years.

e The overall sensitivity and specificity of the ASQ for
identifying children with low average cognitive ability at
5 years were 20.8% and 91.1%, respectively.

e Current developmental screening will not detect the
vast majority of children who commence education with

low average cognitive ability.

study of low-risk, primiparous women. The other 600 were recruited
from the postnatal wards of Cork University Maternity Hospital. The
subjects were followed up at 2, 6, 12 and 24 months and 5 years.
1101 children completed the ASQ Third Edition (ASQ-3) at either
24 or 27 months and 755 of these completed the Kaufmann Brief
Intelligence Test, Second Edition (KBIT-2) at the age of 5. These 755
participants formed the study cohort (Figure S1).

2.2 | Measures

The ASQ is a parent-completed questionnaire with 30 items cov-
ering 5 development domains: communication, gross motor, fine
motor, problem solving and personal social skills.'? The score is
based on the parental response, which may be “yes” (10 points),
“not yet” (0 points) or “sometimes” (5 points), to a statement about
the child’s activity. Parents are asked to try the activities with their
child, if necessary, before answering. Total scores are calculated for
each domain and missing answers may be replaced by the mean of
the other answers, if there are no more than 2 missing items per
domain. Age-specific statistically derived cut-off points have been
established for onward referral. The ASQ has not been validated in
Ireland, and onward referral for further professional assessment is
made based on an age-specific score, in any domain, that falls at least
2 SD below the mean in the reference population.12 The BASELINE
study mothers received an age-appropriate ASQ-3 and were asked
to complete it before their next assessment at the research facility:
468 received the 24-month ASQ and 287 received the 27-month
ASQ. The cut-offs for onward referral are outlined in Table S1.

The KBIT-2 was administered by trained research nurses to mea-
sure cognitive ability at 5 years of age. It comprises three subtests:
verbal knowledge and riddles, which measure verbal intelligence,
and matrices, which measures non-verbal intelligence. The verbal
and non-verbal scores are combined to provide a composite 1Q. The
Kaufmann test has been shown to be a reliable and valid measure of
IQ in children and adults aged 4-90 years.?° Children who scored
more than 1 SD below the cohort mean were categorised as “Low
Cognitive Ability” and those who scored above this as “Average or
Above Cognitive Ability”.
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2.3 | Child, maternal and
sociodemographic variables

Child characteristics included gender and weeks of gestation.
Maternal characteristics included age in years, smoking status in first
trimester (smoker, non-smoker), weekly units of alcohol during the
first trimester and their body mass index in kg/m?2. Socioeconomic
characteristics included total years of schooling and income cate-
gory (2€106000, €85 000-€105 000, €64 000-€84 000, €43000-
€63 000, €21 000-€42 000, <€21 000).

2.4 | Statistical analysis
The statistical analysis was conducted using R version 4.0.3 (R
Foundation, Vienna, Austria). The study population was described
using counts and percentages for categorical data and means and
standard deviations for continuous data. T-tests were used to com-
pare the mean ASQ scores between the cognitive ability groups.
The predictive value of the ASQ was examined by calculating its
sensitivity, specificity, positive and negative predictive values and
their 95% confidence intervals (Cl). Previous studies have reported
sensitivities ranging from 28% to 77% for predicting low cognitive
performance, with results varying by the cohort tested and cut-offs
used. 1413

The pROC package in R was used to generate receiver operat-
ing characteristic curves and calculate optimal cut-off points for the
total ASQ score.?! Univariable and multivariable logistic regression
was used to examine child, maternal and socioeconomic predictors
of low cognitive ability at 5 years. The findings are reported in line
with the Strengthening the Reporting of Observational Studies in

Epidemiology guidelines.??

3 | RESULTS

3.1 | Description of sample
The study sample consisted of 755 children who underwent the
ASQ at either 24 or 27 months and the KBIT-2 at 5 years. Their
characteristics are compared to those who were not included due
to missing data or attrition (Table 1). Children in the study sample
were more likely to have a higher birthweight, have older mothers
with more schooling, coming from higher income backgrounds and
have higher ASQ scores. The ASQs were completed at a mean age
of 25.1 + 1.1 months, but the results are presented separately for 24
and 27 months, as the cut-off points and score distributions differ
between the 2 questionnaires. The Kaufmann test was completed at
a mean age of 60.8 + 1.7 months. The mean composite 1Q score was
104.3 and 13.4% scored more than 1 SD below this point.

We examined the mean ASQ scores for those with and without
low cognitive ability at 5 years of age (Table S2) and the predictive
value of the ASQ (Table 2). Children with low cognitive ability had

significantly lower overall ASQ scores, with a mean difference of
16.6 points (95% Cl 7.4-25.7) for the 24-month ASQ and 24.8 points
(95% CI 8.1-41.5) for the 27-month ASQ. The ASQ had a sensitivity
of 20.8% (95% Cl 13.6%-30.2%) for identifying children with low
cognitive ability at 5 years and a high specificity of 91.1% (95% Cl
88.6%-93.2%) for identifying those not at risk.

The receiver operating characteristic curves for the 24 and
27 months ASQ are shown with their respective area under the
curve values (Figures 1 and S2). At 24 months, a total ASQ cut-off
of 249.5 increased the sensitivity to 46.6% (95% Cl 35.6%-57.5%),
but reduced the specificity to 74.1% (95% Cl 69.8%-78.2%). At
27 months, a total ASQ cut-off of 244.5 increased the sensitivity to
74.1% (95% Cl 53.6%-89.3%) and reduced the specificity to 67.2%
(95% Cl 61.4%-72.9%).

The results of the univariable and multivariable logistic regres-
sion analyses are shown in Table 3. After the data were adjusted for
maternal and socioeconomic factors, those who failed at least one
ASQ domain were 2.9 times more likely (adjusted odds ratio (AOR)
2.94, 95% Cl 1.51-5.55, p < .001) to have low cognitive ability at
5 years. Other significant predictors were gestational age, weekly
units of alcohol in the first trimester, total years of schooling and in-
come. After adjustment, a 1-year increase in maternal schooling was
associated with a 40% reduction in the risk of low cognitive ability
at 5 years. Children in the lowest income category were 5.0 times
more likely (AOR 5.01, 95% Cl 1.18-21.47, p = .027) to experience

low cognitive ability at 5 years than those in the highest category.

4 | DISCUSSION

Our main aim was to examine the predictive value of the ASQ in
late infancy for identifying children in the general population who
progress to have low cognitive ability at 5 years of age. When the
onward referral criterion of failing in a single domain was used, the
overall sensitivity was 20.8%. The specificity, as previously docu-
mented,'® was 91.1%, making it a useful tool for identifying those
not at risk. While the ASQ may identify children with significant
domain-specific developmental delay, for the purpose of identify-
ing children with low cognitive ability in childhood, the ASQ at 24
or 27 months has an unacceptably low sensitivity, missing 80% of
children who may benefit from earlier intervention.

The second aim was to determine whether an optimal cut-off
point, based on the total ASQ score, could improve the tool’s predic-
tive value. Total ASQ scores are not currently used for onward refer-
ral, but studies suggest this may be a useful additional measure.}>%
Using optimal cut-off points of 249.5 and 244.5 on the 24-month
and 27-month ASQs improved sensitivity to 46.6% and 71.4%, re-
spectively, but reduced specificity. In population-based screening, a
careful balance must be struck between the sensitivity and specific-
ity of a test. This improved sensitivity would mean that almost half
of all children who progress to low cognitive ability at age 5 could be
identified at 24 months. However, the accompanying reduction in
specificity would mean that at 24 months approximately 1 in every 4
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TABLE 1 Characteristics of children in study population compared to those in BASELINE cohort not included in study

Children included in study Children not included

n =755 (34.6%) n = 1428 (65.4%)

n (%) n (%) p-value
Child characteristics
Male 381 (50.5) 719 (50.4)
Female 374 (49.5) 709 (49.6) 996
Birthweight (g) 3538.3 3454.4 <.001
Gestational age (weeks) 39.60 39.40 .003
Maternal characteristics
Maternal age (years) 30.8 29.5 <.001
Smoking status 1st trimester
Smoker 126 (21.4) 213(23.0)
Non-smoker 462 (78.6) 712 (77.0) .003
BMI 25.0 24.8 .577
Socioeconomic characteristics
Total years schooling 13.4 13.2 <.001
University completed
Yes 428 (56.7) 631(52.8)
No 327 (43.3) 565 (47.2) .099
Accommodation type
Own house/flat 601 (79.6) 795 (66.5)
Private rental 124 (16.4) 329 (27.5)
Council/government rental 12 (1.6) 36(3.0)
Other 18(2.4) 36(3.0) <.001
Income category
<21k 27 (3.7) 129 (11.3)
21-42k 126 (17.2) 235 (20.6)
43-63k 169 (23.1) 267 (23.4)
64-84k 189 (25.8) 226 (19.8)
85-105k 112 (15.3) 162 (14.2)
>106k 110 (15.0) 123 (10.8) <.001
Ages and stages questionnaire
Completed 24 months 468 (62.0) 254 (62.3)
Completed 27 months 287 (38.0) 154 (37.7) 1.000
Total ASQ score - mean (SD) 254.9 (31.0) 246.3 (44.9) <.001
Total ASQ score - median (IQR) 260 (35) 255 (45) .044
Fail in ASQ domain
Communication 17 (2.5) 27 (6.7) <.001
Fine motor 18 (2.4) 24 (6.2) .002
Gross motor 20 (2.6) 15(3.7) 412
Problem solving 24 (3.2) 23(5.9) .040
Social skills 25(3.3) 33(8.3) <.001
At least one domain 79 (10.5) 70 (18.6) <.001
KBIT-2 1Q test
Composite 1Q score - n, mean (SD) 755, 104.6 (8.7) 315, 103.6 (9.0) .098

Note: p-values calculated based on chi-square tests for categorical variables and Welch two sample t-tests for continuous variables.
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TABLE 2 Predictive value of ASQ at 24/27 months for identifying children with low cognitive ability at age 5 years

Sensitivity
% (95% Confidence Interval)

One fail criterion 20.8 (13.6-30.2)

Fail communication 6.9 (3.1-14.2)
Fail gross motor 7.9 (3.7-15.5)
Fail fine motor 0.9 (0.5-6.2)
Fail problem solving 7.9 (3.7-15.5)

Fail social skills 10.9 (5.8-19.0)

Abbreviations: NPV, negative predictive value; PPV, positive predictive value.

100
1

80
|

AUC: 63.7% (56.6%...71.1%)

Sensitivity (%)
40

T T T
100 50 0

Specificity (%)

FIGURE 1 Receiver operating characteristic curve for 24-month
ASQ to predict low average cognitive ability at age 5 years. ROC
curve performed using total ASQ score at 24 months for the
prediction of composite |Q score <1standard deviation below
cohort mean at age 5 years. A smoothed ROC curve was generated
using the “pROC” package in R. Analysis includes n = 394 control
and n = 73 cases. The area under the curve was 0.637, 95%
confidence interval 0.637-0.709

children who screened positive on the ASQ would be a false positive.
This has significant ethical and societal implications. Labelling a child
incorrectly as at risk of low cognitive ability may result in stigmatisa-
tion or may lead to lower expectations of ability which can adversely
affect evolving capabilities.24 Additionally, a criterion for implement-
ing any population-based screening programme is that there must be
an available course of action with regard to further diagnosis, treat-
ment or intervention.?’ Implementing this cut-off could threaten
to overwhelm the finite resources dedicated to early intervention
programmes for at risk children. Implications would be similar with
implementation of the 27-month total score cut-off.

The third aim was to examine the child, maternal and socioeco-
nomic characteristics associated with low cognitive ability at 5 years.
The findings were consistent with studies that have demonstrated
strong, consistent associations between families’ socioeconomic
characteristics and children’s cognitive outcomes.'® The odds of low
cognitive ability were significantly higher for children whose moth-
ers had lower levels of education and who were from lower income

Specificity

91.1(88.6-93.2)
98.0(96.5-98.9)
98.2(96.7-99.0)
97.4(95.8-98.4)
97.4(95.8-98.4)
97.9 (96.4-98.8)

PPV NPV

26.6 (17.6-37.9)
35.0(16.3-59.1)
40.0 (20.0-63.6)
5.6 (0.2-29.4)

32.0(15.7-53.6)
44.0 (25.0-64.7)

88.2(85.5-90.5)
87.2 (84.5-89.5)
87.4 (84.5-89.6)
86.4 (83.7-88.8)
87.3(84.6-89.6)
87.7 (85.0-89.9)

backgrounds. This finding again highlights the pivotal role socioen-
vironmental factors have in the cognitive development of a child.

This study investigated one potential screening method, the
ASQ, for the purpose of early identification of children who progress
to have low cognitive ability. It was found that, as it is currently used,
this tool will not identify the majority of children with low cognitive
ability at school entry. Other tools exist for identifying children at
risk of low cognitive ability, the most widely used being the Bayley
Scales of Infant Development (Bayley). This developmental assess-
ment tool is usually administered by psychologists, paediatricians or
physiotherapists and takes 30-70 min to complete, with extra time
needed for scoring.?¢ It is resource intensive and is generally used
for high risk populations, such as preterm or low birth weight in-
fants.?” Studies of its use in the general population are limited, but
evidence suggests that if it was performed in early life, particularly
the first 24 months, it would have poor to modest correlations with
later cognitive ability.?®

Our study has limitations. The research question focussed on
the use of the ASQ at a single time point in late infancy, but the
authors acknowledge that developmental assessment should be a
continuous process performed at multiple time points throughout
infancy and childhood. The outcome was cognitive ability at age 5,
but it is well recognised that the social and emotional competence of
a child at this age are equally important determinants of outcomes in
childhood.?’ Cohort studies are subject to selection bias, and those

who participate tend to systematically differ from those who do not.

5 | CONCLUSION

Studies have shown that the ASQ has acceptable performance char-
acteristics for identifying significant neurodevelopmental disorders.
However, for the purpose of identifying children in the general pop-
ulation who progress to have low average cognitive ability at 5 years
of age, this study found it is not a useful tool. Alternative methods
of early identification are required. Further research into a system-
atic and robust method of identifying high-risk children, based on
environmental, genetic, biological, social and demographic factors,
as well as the interactions between these factors, should be a public
health priority.



BOWE ET AL.

ACTA PEDIATRICA RYVIE

TABLE 3 Univariable and multivariable logistic regression model examining factors associated with low cognitive ability at age 5

Average or above

Lown =101 n= 653
Child characteristics
ASQ one fail 21(20.8) 58 (8.9)
Gender - female 44 (43.6) 330 (50.5)
Birthweight - grams 3,497.8 3,544.8
Gestational age (weeks) 39.4 39.6
Maternal characteristics
Maternal age - years 30.5 30.8
Smoking status
Non-smoker 54 (71.1) 407 (79.6)
Smoker 22 (28.9) 104 (20.4)
Weekly units of alcohol 1st 6.1 4.1

trimester

BMI 25.8 24.8
Socioeconomic characteristics
Total years schooling 13.2 13.4
Income category
>106k 9(9.2) 101 (15.9)
85-105k 10(10.2) 102 (16.1)
64-84k 25(25.5) 164 (25.8)
43-63k 26 (26.5) 143 (22.5)
21-42k 21(21.4) 105 (16.5)
<21k 7(7.1) 20(3.1)

Adjusted odds ratio
Odds ratio (95% CI)  p-value (95% ClI) p-value
2.69 (1.53-4.61) <.001 2.96 (1.51-5.56) .001
0.76 (0.49-1.15) 193 1.08(0.64-1.82) .781
1.00 (1.00-1.00) .368
0.87 (0.76-1.01) .052 0.84(0.71-0.99) .036
0.98 (0.92-1.04) 457 1.02 (0.95-1.09) .593
Ref Ref
1.59 (0.91-2.71) .091 1.11 (0.59-2.01) 742
1.06 (1.02-1.10) .003 1.06 (1.02-1.11) .004
1.05 (1.00-1.11) .064 1.03 (0.97-1.09) .267
0.68 (0.52-0.89) .004 0.69 (0.49-0.96) .026
Ref Ref
1.10(0.43-2.88) .842 1.72 (0.59-5.41) .325
1.71 (0.79-4.01) .189 1.93 (0.74-5.65) 198
2.04 (0.95-4.78) .080 2.29(0.89-6.72) 103
2.24 (1.01-5.38) .055 2.49 (0.86-7.88) .100
3.93(1.27-11.82) .015 5.01(1.18-21.47) .027

Note: 95% Cl, 95% Confidence Interval; BMI, body mass index measures in kg/mz; p, p-value.
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