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Figure 2 The results of the three simulations

D: Numerical value obtained by combining (A) the number of failed items on the questionnaire, (B) results of ‘pointing’
items in the interview, and (C) the results of the language comprehension items.

disorder, and the other was composed of the 2,577
children who were not diagnosed with develop-
mental disorders. We believe that all cases of
autistic disorder were identified, but we have to
recognize the possibility that some cases of other
developmental disorders may have slipped through
the screen. However, for the purpose of the simu-
lations (based on the YACHT-18 items), we con-
sider the 22 cases of developmental disorders as
being the total number, and so are designating the
percentage of these cases recognized as positive in
the simulations as ‘sensitivity to developmental
disorders.” We refer to the percentage of the
remaining 2,577 children who were recognized as
negative in the simulations as ‘specificity for
developmental disorders.’

© 2009 The Authors

Figure 2 shows the algorithms and results of the
three simulations conducted in this research.

The evaluation criteria for Simulation 1 included
the responses to 11 items in the YACHT-18 ques-
tionnaire related to motor development, language,
and social interaction where one or more failed items
indicated a positive case. Sensitivity for autistic
disorder was 80%, sensitivity for developmental
disorders was 77.3% and specificity for develop-
mental disorders was 83.9%.

The evaluation criteria used in Simulation 2 were
the results of both the questionnaire and the inter-
view. The letter ‘A’ represents the number of failed
questionnaire items out of 11 total. Next, for the four
interview items related to ‘pointing,” ‘B = 1’ repre-
sents cases yielding two or more failed items, and
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Table 3 Simulation analyses

Sensitivity Specificity
for for
Sensitivity  developmental  developmental

Simulations  for autism disorders disorders
(1) 80% 77.3% 83.9%
(2) 80% 77.3% 79.6%
(3) 80% 77.3% 85.4%
PHN 60% 82.6% 86.3%

‘B = O’ represents one or fewer failed items. On the
two language comprehension interview items, ‘C = 1’
represents cases with one or more failed items and
‘C = 0’ represents zero failed items. With ‘D’ being the
sumof A, B,and C (D = A + B + C), we tried setting a
cutoff score for D = 1. Sensitivity for autistic disorder
was 80%, sensitivity for developmental disorders
was 77.3%, and specificity for developmental disor-
ders was 79.6%.

In Simulation 3, the refinement process was
implemented using the results of the picture card
test added to Simulation 2. If D = 0, the compre-
hensive determination on YACHT-18 is ‘pass.” If
D = 3 or more, the case is flagged, and if D = 1 or 2,
the case passes if the child successfully passes the
picture card test, but is flagged if the picture card
test is failed. Sensitivity for autistic disorder was
80%, sensitivity for developmental disorders was
77.3%, and specificity for developmental disorders
was 85.4%.

Simulation analyses 1, 2, and 3 were compared
with actual screening results produced by PHNs
(Table 3). Compared to Simulation 1, the number
of children identified increased in Simulation 2,
thus specificity for developmental disorders
declined. Of the three, Simulation 3 increased
specificity for developmental disorders the most by
excluding children who passed the picture card
test, in that only the 150 children who did not
have developmental disorders passed through the
screen.

In screenings conducted by PHNs, sensitivity for
autistic disorder was lower, but sensitivity for all
developmental disorders, including autism, and
specificity for definitively excluding all children with
no possibility of developmental disorders were higher
than in the three simulations.

Discussion

A macroscopic E&R process, beginning with the
extraction stage at the HC-18m that continues over a
span of several months, is implemented together
with a microscopic E&R process initiated at the time
of the HC-18m checkup, using the YACHT-18
examination items.

First, we will consider the macroscopic E&R pro-
cess. The screen sensitivity for autistic disorder was

60%. The figures for the present study may seem
low. However, sensitivity was 81% for children with
autism identified in an epidemiological survey of
autism whose target population was 35,716 children
(Honda et al., 2005a). The subjects of the present
study are taken from that population. This was a
total population study conducted with no manipu-
lation of subject selection to include high-risk
subjects, and so the precision may be low. In the
extraction stage, specificity for developmental
disorders was 86.3%, and in the refinement stage, it
rose to 100%. This demonstrates the exceptional
utility of the E&R Strategy. The fact that the age of
referral to YRC of true positive cases recognized at
the HC-18m was significantly younger than false
negative cases confirms that the system of early
detection of developmental disorders through the
HC-18m makes a major contribution to implement-
ing early interventions.

The only prior research on the efficacy of early
detection of autism among 18-month-olds was a
total population study using CHAT conducted with-
out subject selection manipulation; however, the
sensitivity was unexpectedly low (Baird et al., 2000).
This is not because CHAT has low utility as a re-
search tool, but may be due to relying on only one
screening. The reason that other screening instru-
ments cannot be compared with ours is that the age
of the subjects differs or the studies were not con-
ducted on total populations free of manipulation of
subject selection. '

Developed for research purposes, other screening
instruments are narrowly focused on early detection
of autism. Even if their specificity to childhood aut-
ism was high, simply excluding with certainty all
cases other than childhood autism shifts the focus
away from useful clinical purposes. Because the goal
is to pass all cases of developmental disorders except
autism, the opportunity to identify these cases is
lost. From a clinical perspective, it is extremely
important to conclusively exclude cases with no
developmental disorders. Accordingly, practical
indices for studying screening efficacy are sensitivity
for autistic disorder, sensitivity for developmental
disorders, and specificity for developmental
disorders.

Next, we will evaluate the microscopic E&R pro-
cess. When we look specifically at the failure rate
on YACHT-18 items, the high failure rate (38.5%)
on the picture card test is noteworthy. When
abnormality is suspected due to failure on this
item, nearly 40% of the children are flagged. We
hypothesized that this item can be utilized as a
microscopic refinement tool. This hypothesis was
consistent with the perceptions of the administer-
ing PHNs. In a simulation using actual examina-
tion data of children whose inconclusive
questionnaire and interview results placed them in
the gray zone, it was discovered that those who
tested negative after the picture card test did not

© 2009 The Authors
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include any cases of developmental disorders.
By excluding these children, specificity for devel-
opmental disorders increased approximately 6%.
The problem with considering only questionnaire
data is the issue of caregiver error due to superfi-
cial or mistaken understanding of the questions or
inability to accurately discern the child’s develop-
mental characteristics. This is addressed in the
interview by the PHN who monitors and records the
caregiver’s answers while confirming comprehen-
sion of and correct answers to the questions. This
research did not find any difference in sensitivity to
developmental disorders between the questionnaire
data and the combined questionnaire and interview

data. This is because children who failed none of '

the items on the questionnaire did not have addi-
tional failures from the interview. However, per-
haps this result is related to the small size of the
target population. Fifteen years of screening expe-
rience demonstrate that the interview items often
increase total failed items. It is therefore presumed
that this is a highly effective process in which the
failures from the interview questions are added to
those of the questionnaire in order to detect even
the slightest abnormality; then in the refinement
stage, the picture card test excludes cases in the
gray zone.

Moreover, results of the PHN screenings for sen-
sitivity and specificity for developmental disorders
were better than in our simulations. This is
undoubtedly related to the highly skilled screening
staff. Many current diagnostic tools for autism (e.g.,
ADI-R; Lord, Rutter, & Le Couteur, 1994) designed
for clinical and research purposes are investigator-
based. The average person will have difficulty dis-
tinguishing between abnormal and normal behavior
in areas of social interaction and communication
that are affected by ASD, and it is extremely diffi-
cult to create questionnaires such as those used in
the fields of psychiatry and psychology that elicit a
simple Yyes’ or ‘no’ answer from the respondent.
Accordingly, professionals must be equipped with
knowledge of autism and skills to implement a tool
effectively (Rutter et al., 1988). The same can be
said for early detection screening tools. There is a
limit to how well a screening tool can be con-
structed to detect subtle abnormalities in the social
interaction and communication of infants and
children. When highly specialized professionals use
a tool in a clinical situation, it is the skill with
which they use the tool that enables them to iden-
tify children with suspected developmental disor-
ders. Even when a screening tool includes
behavioral markers characteristic of autism, if
users do not have training or knowledge of autism,
they may not be able to apply the tool effectively.
This research is strongly dependent on a care

© 2009 The Authors

system and on highly skilled screening teams
available in the city of Yokohama.

YACHT-18, even with the microscopic E&R Strat-
egy, produces false negatives, and we may assume
two reasons for this technical limitation. First, during
the extraction stage, specialists do not observe the
children. Both the questionnaire and the medical
interview items require parental responses, so cases
with D = O at this stage unequivocally test negative.
Second, YACHT-18 focuses more on developmental
delay than developmental deviance, and so at
18 months of age, children with developmental dis-
orders who do not exhibit developmental delay may
pass the screen. This group of children is composed
of those with ASDs who regress after 18 months of
age and those high-functioning children who have
PDDNOS.

Going forward, two steps must be taken. First,
comprehensive, prospective research must be con-
ducted in specific communities using our macro-
scopic and microscopic E&R Strategy to determine
its validity. Second, educational programs on devel-
opmental disorders including ASD must be devel-
oped for health professionals who conduct
community public service programs for early detec-
tion of developmental disorders.

Conclusion

We recommend that a community care system using
screening tools targeting all developmental disorders
at the health examination for 18-month-olds, fol-
lowed by further testing and follow-up during the
refinement stage, be implemented at the local gov-
ernmental level in other communities. Most impor-
tantly, local government must ensure that education
about developmental disorders and training in the
use of screening tools is provided. If this occurs, it
will be possible for even more children with
developmental disorders and their families to benefit
from early intervention measures. This will also
certainly facilitate the advancement of research on
autism.
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Key points

on observational data from a single screening.

e For early detection of autism, it is difficult to maintain an efficient level of sensitivity and specificity based

¢ An innovative approach called the Extraction and Refinement (E&R) Strategy is proposed.

o The Extraction Stage is designed to increase sensitivity. In the Refinement Stage, a follow-up program
implemented by the public childcare system raises specificity.

e Microscopic E&R Strategy: By including ‘pointing’ items (which have low pass rates) in the screening tool,
false positives from the first screening are reduced.

References

Allison, C., Baron-Cohen, S., Wheelwright, S., Char-
man, T., Richler, J., Pasco, G., & Brayne, C. (2008).
The Q-CHAT (Quantitative CHecklist for Autism in
Toddlers): A normally distributed quantitative mea-
sure of autistic traits at 18-24 months of age:
Preliminary report. Journal of Autism and Develop-
mental Disorders, 38, 1414-1425.

American Psychiatric Association. (1994). Diagnostic
and statistical manual of mental disorders (DSM-IV)
(4th edn). Washington, DC: Author.

Baird, G., Charman, T., Baron-Cohen, S., Cox, A.,
Swettenham, J., Wheelwright, S., & Drew, A. (2000).
A screening instrument for autism at 18 months of
age: A 6-year follow-up study. Journal of the American
Academy of Child and Adolescent Psychiatry, 39,
694-702.

Baron-Cohen, S., Allen, J., & Gillberg, C. (1992). Can
autism be detected at 18 months? The needle, the
haystack, and the CHAT. British Journal of Psychia-
try, 161, 839-843.

Bryson, S.E., Zwaigenbaum, L., McDermott, C., Romb-
ough, V., & Brian, J. (2008). The Autism Observation
Scale for Infants: Scale development and reliability
data. Journal of Autism and Developmental Disorders,
38, 731-738.

Dietz, C., Swinkels, S., van Daalen, E., van Engeland,
H., & Buitelaar, J.K. {2006). Screening for autistic
spectrum disorder in children aged 14-15 months. II:
Population screening with the early screening of
autistic traits questionnaire (ESAT). Design and gen-
eral findings. Journal of Autism and Developmental
Disorders, 36, 713-722.

Gray, K.M., & Tonge, B.J. (2005). Screening for autism
in infants and preschool children with developmental
delay. Australian and New Zealand Journal of
Psychiatry, 39, 378-386.

Honda, H., & Shimizu, Y. (2002). Early intervention
system for preschool children with autism in the
community: The DISCOVERY approach in Yoko-
hama, Japan. Autism, 6, 239-257.

Honda, H., Shimizu, Y., Imai, M., & Nitto, Y. (2005a).
Cumulative incidence of childhood autism: A total
population study of better accuracy and precision.
Developmental Medicine and Child Neurology, 47,
10-18.

Honda, H., Shimizu, Y., Misumi, K., Niimi, M., &
Ohashi, Y. (1996). Cumulative incidence and
prevalence of childhood autism in children in
Japan. British Journal of Psychiatry, 169, 228-
235.

Honda, H., Shimizu, Y., & Rutter, M. (2005b). No effect
of MMR withdrawal on the incidence of autism: A total
population study. Journal of Child Psychology and
Psychiatry, 46, 572-579.

Kleinman, J.M., Robins, D.L., Ventola, P.E., Pandey, J.,
Boorstein, H.C., Esser, E.L., Wilson, L.B., Rosenthal,
M.A., Sutera, S., Verbalis, A.D., Barton, M., Hodgson,
S., Green, J., Dumont-Mathieu, T., Volkmar, F.,
Chawarska, K., Klin, A.,, & Fein, D. (2008). The
Modified Checklist for Autism in Toddlers: A follow-
up study investigating the early detection of autism
spectrum disorders. Journal of Autism and Develop-
mental Disorders, 38, 827-839.

Lord, C., Rutter, M., & Le Couteur, A. (1994). Autism
Diagnostic Interview-Revised: A revised version of a
diagnostic interview for caregivers of individuals
with possible pervasive developmental disorders.
Journal of Autism and Developmental Disorders,
24, 659-685.

Reznick, J.S., Baranek, G.T., Reavis, S., Watson, L.R., &
Crais, E.R. (2007). A parent-report instrument for
identifying one-year-olds at risk for an eventual diag-
nosis of autism: The First Year Inventory. Journal of
Autism and Developmental Disorders, 37, 1691-1710.

Robins, D.L., Fein, D., Barton, M.L., & Green, J.A. (2001).
The Modified Checklist for Autism in Toddlers: An
initial study investigating the early detection of autism
and pervasive developmental disorders. Journal of
Autism and Developmental Disorders, 31, 131-144.

Rutter, M., Le Couteur, A., Lord, C., MacDonald, H.,
Rios, P., & Folstein, S. (1988). Diagnosis and sub-
classification of autism: Concepts and instrument
development. In E. Schopler, & G. Mesibov (Eds.),
Diagnosis and assessment in autism (pp. 239-259).
New York: Plenum Press.

Siegel, B. (2004). Pervasive Developmental Disorders
Screening Test — II (PDDST-I). San Antonio: Harcourt.

Stone, W.L., Coonrod, E.E., & Ousley, O.Y. (2000). Brief
report: Screening tool for autism in two-year-olds
(STAT): Development and preliminary data. Journal of
Autism and Developmental Disorders, 30, 607-612.

Swinkels, S.H.N., Dietz, C., van Daalen, E., Kerkhof,
LH.G.M., van Engeland, H., & Buitelaar, J.K. (2006).
Screening for autistic spectrum in children aged 14 to
15 months. I: The development of the Early Screening
of Autistic Traits Questionnaire (ESAT). Journal of
Autism and Developmental Disorders, 36, 723-732.

Tebruegge, M., Nandini, V., & Ritchie, J. (2004). Does
routine child health surveillance contribute to the
early detection of children with pervasive develop-
mental disorders? An epidemiological study in Kent,
UK. BMC Pediatrics, 4, 4.

© 2009 The Authors

Journal compilation © 2009 Association for Child and Adolescent Mental Health.

— 100 —



Extraction and Refinement Strategy for detection of autism in 18-month-olds 981

Wetherby, A., & Prizant, B. (2002). Communication Wong, V., Hui, L.H., Lee, W.C., Leung, L.S., Ho, P.K,,

and symbolic behavior scales developmental profile — Lau, W.L., Fung, C.W., & Chung, B. (2004). A
first normed edition. Baltimore, MD: Paul H. modified screening tool for autism (Checklist for
Brookes. Autism in Toddlers [CHAT-23]) for Chinese children.
World Health Organization. (1993). The ICD-10 classi- Pediatrics, 114, e166-e176.
fication of mental and behavioural disorders: Diag-
nostic criteria for research. Geneva: Author. Manuscript accepted 21 October 2008
Appendix

YACHT-18 (Young Autism and other developmental disorders CHeckup Tool: For 18-month-olds) question-
naire, interview questions and picture card test

Questionnaire

1. Can your child walk? Well / Not well {less than 5-6 steps)
2. Can your child climb stairs holding your hand? Yes / No
3. Can your child scribble with a pencil? Yes / No
4. Can your child eat with a spoon or fork by him/herself? Yes / No
5. Can your child hold things between thumb and forefinger? Yes / No
6. Does your child point to pictures in a familiar picture book, when asked? Yes / No
7. Can your child say words with meaning? Yes / No
{List about 4 examples:)

8. Does your child follow simple commands? Yes / No
9. Does your child imitate people? Yes / No
10. Is your child interested in other children? Yes / No
11. When you call your child, does he/she look at you? Yes / No
12. Do you have any worries concerning your child’s vision? {} Yes / No
13. Do you have any worries concerning your child’s hearing? () Yes / No
14. Do you have any other worries or questions? {) Yes / No

Interview questions

Pointing
1. Does your child point to indicate objects, etc.?
2. Does your child point and say the name of objects, etc.?
3. Does your child point at objects {(other than pictures), when asked, ‘Which one is the ~?’
4, When asked to identify body parts, does your child indicate by pointing?
Language comprehension
1. When asked to throw something away, can your child go to the wastebasket and throw it away?
2. When asked to throw something away, can your child throw it away and return afterwards?
Picture Card Test
Pass - if the child points to two or more (of six) pictures correctly; fail — if one or zero are pointed to correctly.
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