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Table 1

Participant characteristics.
Age (months) - No. Sex ratio (M:F)
8 21 17:4
9 23 12:11
10 18 : 14:4
11 37 15:22
12 29 9:20
13 33 18:15
14 22 13:9
15 18 117
16 27 16:11
17 19 11:8
18 14 10:4
19 17 9:8
20 20 13:7
Total 318 168:150

These 16 items concern age-dependent dyadic/triadic social behaviors that are thought to emerge by 18 months of age (the
remaining 7 M-CHAT items are related to age-independent autistic behaviors and dummy questions).

2. Methods
2.1. Participants

The participants were infants from a general population sample. They were aged between 8 and 20 months and were
registered as volunteer research participants or were recruited from nurseries and daycare groups in an urban and a rural
area. The parents of the participants were asked to complete the Japanese version of the M-CHAT, answering each question
with “yes” or “no”. From 327 checklists returned, 9 had missing data, leaving 318 for the analysis (Table 1). This study was
conducted as a part of a comprehensive ASD research project approved by the Ethics Committee of the National Center of
Neurology and Psychiatry.

2.2. Instrument

The M-CHAT, a parent-administered questionnaire requiring “yes”/"no” responses, was developed in order to ascertain
the early symptoms of ASD in infants at around 2 years of age. It consists of 23 items, of which 16 are concerned with dyadic/
triadic social behaviors, 1 item with language ability, 4 items with age-independent and ASD-specific behaviors, and 2 items
with motor development.

2.3. Data analysis

2.3.1. Age of emergence of social behaviors

For each of the 16 items concerning social behaviars, the ratio of infants who passed the item (passage rates) was
calculated for each age group. The youngest age when the passage rate reached 75% was identified as the age of emergence
for each item.

2.3.2. Chronology of the emergence of social behaviors

For all participant infants aged between 8 and 20 months, non-parametric Friedman rank sum tests were conducted
based on the “pass” or “fail” response for each of the 16 items. If a significant difference within items was found, post-hoc
comparisons using Wilcoxon matched pairs test with Bonferroni correction were conducted.

All tests were two-tailed and statistical significance was set at p < .001. All statistical analyses were performed with SPSS
15.0] for Windows.

3. Results
3.1. Age of emergence of social behaviors

Passage rates for each of the 16 items by age are shown in Table 2. The results show that some items already have a 100%
passage rate at 8 months of age, while others reach 75% only at 17 months, and each of the 16 items regarding social behavior
show a different age of emergence.

According to the age of emergence, the 16 types of social behavior can be divided roughly into three behavior sets: a set
of 6 items that emerged by 8 months of age, therefore the age of emergence is before 8 months (the first set, upper rows of
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Table 3
Wilcoxon matched pairs test (Z) of preverbal social behaviors included in the second set.
No. Item content Imperative Declarative Imitation Point Attracting parent's
pointing pointing of acts _ following attention
5 Pretend play —.83 -85 -3.63 -4.28 -335°
6 Imperative pointing = 00 —2.85 -3.65° —294
7 Declarative pointing - - -301 -3.65 -3.04
13 Imitation of acts - - - -.46 —.44
15 Point following - - - - .00
19 Attracting parent’s attention - - - - -

" p <.001 (with Bonferroni correction).
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Fig. 1. Adjusted passage rate of the preverbal social behaviors included in the second set: to cover the small sample size and consequent accidental increase/
decrease in each age (months), the adjusted passage rate was calculated using the raw passage rate (P, at “n” months) as follows: (Pp_y +2 X Pp + Ppa1)/4.

Table 2); a set of 6 items that emerged between 11 and 12 months of age (the second set, middle rows); and a set of 4 items
that emerged only after 15 months of age (the third set, bottom rows).

3.2. Chronology of emergence of social behaviors

Friedman rank sum tests were conducted to examine the passage orders of six behaviors in the second set and four
behaviors in the third set. The items in the first set were not examined since almost all participants had already passed those
items by 8 months of age.

A significant difference was found in the passage orders of the six behaviors in the second set (x* =37.5; p <.001). Post-
hoc comparisons using the Wilcoxon matched pairs test with Bonferroni correction showed that significantly more infants
passed Imitation of acts than Pretend play, Imperative pointing, and Declarative pointing (Table 3). Likewise, Point following
and Attracting parent’s attention had significantly more passers compared to Pretend play, Imperative pointing, and
Declarative pointing. There are no significant differences in other comparisons. These results indicated that Imitation of acts,
Point following, and Attracting parent’s attention emerged at a younger age than Pretend play, Imperative pointing, and
Declarative pointing (Fig. 1).

As for the four behaviors in the third set, there was a significant difference between them ( x? = 65.4; p <.001). Post-hoc
comparisons with Bonferroni correction revealed that more infants passed on Gaze following and Social reference than
Functional play and Bringing object to show (Table 4). There were no significant differences between Gaze following and
Social reference, or between Bringing object to show and Functional play. These results indicate that Gaze following and
Social reference emerged at a younger age than Bringing object to show and Functional play (Fig. 2).

Table 4
Wilcoxon matched pairs test (Z) of preverbal social behaviors included in the third set.
No. Item content Bringing object to show Gaze following Social reference
8 Functional play —2.09 —625 ~5.96"
9 Bringing object to show - -458" -4.61°
17 Gaze following - - -10
23 Sacial reference - - -

" p<.001 (with Bonferroni correction).
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Fig. 2. Adjusted passage rate of preverbal social behaviors included in the third set: to cover small sample size and consequent accidental increase/decrease
in each age (months), the adjusted passage rate was calculated using the raw passage rate (P, at “n" months) as follows: (Pn_1 +2 x Pp+ Ppe1)/4.

4. Discussion

The present study collected cross-sectional data of general infants between 8 and 20 months of age by a questionnaire
survey (M-CHAT) design that enabled a moderate sample size. The main aims of this study were to identify the age when
preverbal social behaviors typically emerge in a general infant population and to determine the subsequent order, that is, the
developmental chronology of preverbal social behaviors during infancy. Because we used in our investigation items
extracted from the M-CHAT, a screening checklist for toddlers aged 24 months at risk of developing ASD (Robins et al.,2001),
the developmental chronology we have determined for a general infant population aged 8-20 months would serve as
baseline of preverbal social development at regular health check-ups for infants younger than the age when early diagnosis is
possible. Furthermore, taking into consideration the large individual differences in early developmental trajectories found in
ASD (Kamio et al,, in press; Landa et al., 2007; Sutera et al., 2007), it may be more appropriate to delineate the typical
developmental chronology of early social development (including critical early markers of ASD such as imitation or joint
attention) in detail rather than to delineate a single abnormal developmental trajectory specific to ASD.

First, we found that all of 16 different preverbal social behaviors listed in the M-CHAT emerged by 17 months of age for
the majority of our general infant population. This finding supports evidence that the M-CHAT can be used for toddlers aged
18 months as well as those aged 2 years for an ASD screening purpose (Kamio & Inada, 2006).

Second, these 16 preverbal social behaviors were divided into three sets according to the age of emergence, indicating
that the subdivided M-CHAT can be used as a probe for infants younger than 18 months of age. The first set of behaviors
which are related to self/other dyadic interaction emerge before 8 months of age (Enjoying being swung, Interest in other
children, Enjoying peek-a-boo, Eye contact, Response to smile, and Response to name). The second set which includes triadic
interactions of self/object/other emerge at around 12 months (Pretend play, Imperative pointing, Declarative pointing,
Imitation of acts, Point following, and Attracting parent’s attention). The third set which contains items related to complex
triadic interactions emerge between 15 and 17 months (Functional play, Bringing object to show, Gaze following, and Social
reference). Each set can be used with children at the corresponding age by professionals who monitor early social
development at regular health check-ups. Joint attention behaviors are considered to be critical early markers of ASD (Baron-
Cohen et al., 1992; Charman et al., 1997; Ventola et al., 2007). Among them, Point following and Declarative pointing are
seen in the majority of infants around 12 months, followed by Gaze following and Bringing objects to show. The
developmental transition to more complex joint attention behaviors appears to occur progressively over several months. The
ages of emergence specified by the parents of children participating in the present study for these behaviors are consistent
with those identified by direct observation of a small sample of infants in structured settings in previous studies
(Butterworth, 1991; Lempers, 1979; Leung & Rheingold, 1981; Murphy & Messer, 1977; Walden & Ogan, 1988). Thus, parents
seem to be aware of their child’s social behaviors and their evaluations can be considered to be satisfactorily objective for
these critical items.

Third, we identified the subsequent order as well as synchrony among social behaviors within each set. As a result,
initiative joint attention using pointing was found to emerge after infants are ready to follow other’s pointing, when they
simultaneously imitate other’s acts, attract other’s attention and enjoy pretend play. In general, these developmental
changes appear to occur in the narrow time range around 12 months. Between 15 and 17 months, bringing objects to others
to share becomes manifest after the emergence of Gaze following and social reference with an element of social cognition, in
synchrony with the emergence of functional play. These findings are partly consistent with those of Carpenter et al. (1998)
and Tanaka et al. (2006): they demonstrated that Imperative pointing and Declarative pointing emerged after Point
following and Imitation of acts. Carpenter et al. (1998) argued that infants may learn new social behaviors by observing the
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intentional actions of others and by going through a process of imitative learning in which they understand that ‘if [ have the
same goal, [ can use that same behavioral means’. There seems to be a time lag between Point following and Declarative
pointing, indicating a difference in the developmental levels between them, and also between Declarative pointing and Gaze
following, and between Gaze following and Bringing object to show. More importantly, other social behaviors aside from
joint attention develop in synchrony with them. For example, Point following occurs synchronously with Imitative learning
and Attracting parent’s attention, helping to develop pointing to direct other’s attention.

Because of the nature of the parent-report questionnaire survey, the responses may suffer from bias; some parents might
have over- or under-rated their child’s behaviors according to their awareness of their child’s social development. However,
parents are still the most important source of information about how their child behaves in a familiar situation, which is
difficult to evaluate in ordinary clinical settings with time restrictions. The developmental chronology we have revealed
based on the M-CHAT data collected from these parents of infants provides a useful baseline for evaluating early social
development during infancy, thereby helping to detect children at risk of developing ASD-related social impairments or ASD.

The methodological limitations of this study are the modest sample size for the wide distribution of infants by age and the
use of a cross-sectional data collection approach. For future research, longitudinal data collection will be needed.
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in Toddlers for predicting pervasive developmental

disorders at age 2
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We evaluated the utility of the Japanese version of
the Checklist for Autism in Toddlers for predicting
pervasive developmental disorders (PDD) among
2-year-old children in clinical settings. Confirmed
diagnosis revealed that the pass rate on four items
(social interest, proto-imperative pointing, proto-
declarative pointing and joint-attention) was signifi-
cantly lower in 52 PDD children than in 48 non-PDD
children, and if abnormal development was reported

in two or more items, the sensitivity, specificity, and
positive/negative predictive values for PDD diagnosis
were 0.85, 0.73, and 0.77/0.81, respectively. This
simple screening tool can provide valuable informa-
tion to clinicians when diagnosing PDD.

Key words: checklist for autism in toddlers, early
detection, pervasive developmental disorders, sensi-
tivity, specificity.

ARLY INTERVENTION IS very important for
Echildren with pervasive developmental disorders
(PDD) as it facilitates their social adaptation and
reduces difficulties in parenting.'-* Although accept-
able diagnostic stability has been reported for PDD
diagnoses made at age 2,* some clinicians may hesi-
tate to make a diagnosis at such a young age.

The Checklist for Autism in Toddlers (CHAT) is an
epidemiological screening tool that was developed in
England for detecting PDD at 18 months of age.” It
consists of nine parental interview questions (Section
A) and five behavior observations (Section B). The
Japanese version of the CHAT (CHAT-J) was devel-
oped by the first author and his colleagues, and its
internal consistency (high Cronbach’s alpha), crite-
rion validity (significant correlation with the Child-
hood Autism Rating Scale Tokyo Version®), and

*Correspondence: Tomonori Koyama, PhD, Department of Child and
Adolescent Mental Health, National Institute of Mental Health,
National Center of Neurology and Psychiatry, 4-1-1, Ogawa-Higashi,
Kodaira, Tokyo 187-8553, Japan. Email: tomok@ncnp.go.jp
Received 29 June 2009; revised 20 December 2009; accepted

8 March 2010.
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construct validity (lower pass rate in PDD than in
control) have been confirmed.”

The questions in Section A are applicable for older
infants in clinical settings; however, the questions
used for epidemiological screening include dummy
items in which the authors assumed that some
aspects of the development of autistic children, such
as rough and tumble play (item 1) and motor devel-
opment (item 3), were the same as normal children.
In clinical settings, assessment using selected items
may be more practical in comparison to using all
items. In this study, we evaluated the efficacy of using
a simplified version of the CHAT-]J in clinical settings
as a tool for predicting PDD.

METHODS

Procedures and subjects

The subjects in this study were 100 2-year-old chil-
dren who were consecutively referred to an experi-
enced child psychiatrist at a regional clinic in Tokyo
specializing in developmental disorders between

© 2010 The Authors

Journal compilation © 2010 Japanese Society of Psychiatry and Neurology
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January 2003 and December 2007. The subjects were
followed up until after 3 years of age (range, 36-
94 months; mean length of follow up, 24.6 months)
and had a confirmed diagnosis.

At each child’s initial visit, an experienced psy-
chologist retrospectively asked about the develop-
ment of the child before 2 years of age using Section
A of the CHAT-].” Cognitive evaluation with the
Japanese version of the Stanford-Binet Intelligence
Scale® or the Kyoto Scale of Psychological Develop-
ment (K-test)’ was also performed depending on the
developmental level of the child. The developmental
quotient of the K-test is considered almost equivalent
to 1Q.*°

In the clinic, a clinical team comprised of three to
five experienced professionals (i.e. child psychiatrists,
clinical psychologists, psychiatric social workers, and
pediatric neurologists) made DSM-IV'" diagnoses by
consensus using all available information regarding
the children, such as detailed parental interviews
about developmental history, comprehensive clinical
evaluations of the children, and behavior assess-
ments by nursery teachers who participated in reme-
dial therapy groups, but excluding the CHAT-J data.
Of the 100 children, 52 children were diagnosed with
PDD (mean age at CHAT-] administration, 30.1 =
3.4 months; range, 24-35 months; 47 boys and five
girls) and 48 children were not (non-PDD: mean age,
31.0 = 3.0 months; range, 25-35 months; 38 boys
and 10 girls). PDD subcategories were five with autis-
tic disorder, three with Asperger’s disorder, and 44
with PDD not otherwise specified (PDD-NOS). The
predominance of PDD-NOS observed in this study is
consistent with the findings of a recent review of PDD
prevalence.'? No significant differences in mean age
or sex ratio were observed between the two groups,
although the mean IQ was significantly lower in PDD
children (71.2 = 18.4; range, 35-137) than non-
PDD children (81.8 = 17.7; range, 49-129).

Predicting PDD in infancy 331

The protocol of the present study was approved by
the ethics committee of the Tokyo University Gradu-
ate School of Medicine when the first author was
affiliated with the university.

Statistical analysis

First, the pass rate for each item was compared
between the two groups using Fisher's exact test with
Bonferroni’s correction. For items with statistical sig-
nificance, we counted the number of failed items for
each child and searched for an appropriate cut-off
value for differentiating PDD from non-PDD chil-
dren by examining the sensitivity, specificity, and
positive/negative predictive values for each cut-off
value.

All tests were two-tailed and statistical significance
was set at P < 0.01. All statistical analyses were per-
formed using spss 17.0] for Windows (SPSS Japan,
Tokyo, Japan).

Results

The pass rate was significantly different between the
two groups for item 2 (social interest: PDD vs non-
PDD, 38.5% vs 79.2%), item 6 (proto-imperative
pointing: 25.0% vs 75.0%), item 7 (proto-declarative
pointing: 23.1% vs 79.2%), and item 9 (joint-
attention: 26.9% vs 68.8%). No significant differ-
ences were observed for item 1 (rough and tumble
play: 96.2% vs 100.0%), item 3 (motor development:
88.5% vs 83.3%), item 4 (social play: 75.0% vs
85.4%), item 5 (pretend play: 13.5% vs 35.4%), and
item 8 (functional play: 73.1% vs 95.8%).

Based on these results, we concluded that four
items (items 2, 6, 7, and 9) were useful for predicting
PDD (Cronbach’s alpha, 0.77). Subsequently, the
number of failed items (0-4) was counted for each
child. Table 1 shows the cut-off value and related

Table 1. Cut-off value and related measures for predicting pervasive developmental disorders

Positive predictive value Negative predictive value

Failed items (n) Sensitivity Specificity
4+ 0.37 0.94
=3 0.67 0.81
=2 0.85 0.73
=1 0.98 0.54

0.86 0.58

0.80 0.70
0.77 0.81
0.70 0.96

Bold italic, best cut-off value of =2. Children with pervasive developmental disorders, n = 52; children without pervasive

developmental disorders, n = 48.

© 2010 The Authors

Journal compilation © 2010 Japanese Society of Psychiatry and Neurology
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measures for differentiating PDD from non-PDD. A
PDD diagnosis was best predicted if the cut-off value
was set at 2 or more failed items.

The same analyses were conducted for IQ-balanced
subgroups of children (IQ = 70; 27 PDD and 36
non-PDD children), and similar results were
obtained: sensitivity (0.74), specificity (0.78), and
positive/negative predictive values (0.71/0.80).

DISCUSSION

The present study showed that satisfactory prediction
of a PDD diagnosis could be made using only four
CHAT-] items (social interest, proto-imperative
pointing, proto-declarative pointing and joint-
attention). Although proto-imperative pointing was
originally considered to be normal in autism,’ a lack
of such pointing was found to be an important pre-
dictor of PDD. In contrast, pretend play, which was
originally considered to be a key item,” was not
included because a low pass rate was also observed
for non-PDD children. As these results are based on a
clinical sample, the findings have low generalizabil-
ity; therefore, it is necessary to conduct replication
studies in Japan and other countries.

In the present study, a limited number of children
were incorrectly classified according to the cut-off
value; therefore, it is important that clinicians not
make a diagnosis based solely on a single score,
which may be affected by caregiver recall bias.
However, as these four items are quick to ask and
easy to score, they can provide valuable information
to clinicians when diagnosing PDD at age 2. Future
studies should examine the applicability of these
items for younger or older children.
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