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Early detection and intervention is essential for children with autism spectrum disorders
(ASD). Therefore, we examined the reliability and validity of the Japanese version of the
Modified Checklist for autism in toddlers (M-CHAT), a 23-item, yes-no questionnaire
regarding early autistic symptoms completed by parents of children at 18-24 months of
age. Herein, the reliability of the M-CHAT was investigated for children 4-20 months of
age. The M-CHAT score (the number of failed items) was found to be significantly
correlated among 24 mother-father pairs (Pearson’s r=.933), representing good inter-
rater reliability. The test-retest reliability was satisfactory, with 22 mothers providing
almost equal M-CHAT scores on two different occasions (r=.990). Significant correlations
were observed between the M-CHAT score and the Childhood Autism Rating Scale-Tokyo
version score in 25 two-year-old children (r=.581), indicating good concurrent validity.
The M-CHAT score was significantly higher in 20 children later diagnosed with ASD

compared with reference children (n=1167), revealing sufficient discriminant validity. A
short version of the M-CHAT using 9 items was proposed and effectively differentiated
children with ASD from reference children. The efficacy of the Japanese version of the M-
CHAT was demonstrated for first-level screening in the general population.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Autism spectrum disorders (ASD) reportedly affect 1-2% of children (Baird et al., 2006; Baron-Cohen et al., 2009; Kawamura,
Takahashi, & Ishii, 2008). Early detection is considered essential for children with ASD based on findings of clinical studies that
have shown that early intervention subsequent to early detection can enhance their potential (Dawson et al., 2010) and lead to
“optimal outcome” (Sutera et al,, 2007). To date, some ASD screening tools, such as the Checklist for autism in toddlers (CHAT)
(Baron-Cohen, Allen, & Gillberg, 1992), the Modified Checklist for autism in toddlers (M-CHAT) (Robins, Fein, Barton, & Green,
2001), the Early Screening of Autistic Traits Questionnaire (ESAT) (Swinkels et al., 2006), and the Baby and Infant Screen for
Children with aUtIsm Traits (BISCUIT) (Matson et al., 2009) have been developed for the early detection of ASD.

Japan has established a national health check-up system that provides all children, from infants to 3-year-olds, with
regular free routine check-ups. This check-up system is well organized and health check-ups at 18 and 36 months effectively
determine the children’s language/intellectual development. Because socio-communication abnormalities in ASD begin to
manifest at 1 year of age (Kamio, Tobimatsu, & Fukui, in press), the check-up at 18 months of age appears to provide a good
opportunity to detect early symptoms of ASD. The M-CHAT, a 23-item, parent-report questionnaire (Robins et al., 2001), may

* Corresponding author. Tel.: +81 42 341 2711; fax: +81 42 346 1944,
E-mail address: kamio@ncnp.gojp (Y. Kamio).

1750-9467/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.rasd.2010.04.016
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enhance the current system, since the checklist was developed for children 18-24 months of age and is easy to administer
without increasing the burden on both the families and check-up staff.

For the aforementioned reasons, we developed the Japanese version of the M-CHAT. After a preliminary study (Kamio &
Inada, 2006), with the permission of the authors, we added some illustrations (items 7, 8, 17, and 23: see M-CHAT
Information, Robins, n.d.) in order to encourage caregivers to notice negative symptoms (attenuated typical development).
The primary aim of this study is to establish the reliability and validity of the Japanese M-CHAT.

To the best of our knowledge, the inter-rater reliability and test-retest reliability of the M-CHAT have not been examined.
This may be because most children in the targeted age range (18-24 months) are expected to pass almost all the M-CHAT
items, thus, yes-no answers are skewed toward positive responses. To avoid such a “ceiling effect” in responses, inter-rater
and test-retest reliabilities should be examined for children at different developmental stages. In the current study, the
reliability of the Japanese version of the M-CHAT was examined for young children in the first and second years of life who
are expected to fail some M-CHAT items (Inada, Kamio, & Koyama, in press).

Although satisfactory internal consistency of the M-CHAT has been reported (Kleinman et al., 2008; Robins et al., 2001),
the checklist contains some dummy/buffer items (Baron-Cohen et al,, 1992; Robins et al., 2001) that obscure the aim of
screening from caregivers. Those items are not directly related to the behaviors of children with ASD; in other words, some
items of the M-CHAT may not have face validity. As 6 items were selected from the original M-CHAT as “critical items”
(Kleinman et al., 2008; Robins et al., 2001), a more simple but effective short version might be useful. Thus, a second aim of
this study is to explore the critical items on the Japanese M-CHAT in order to create a short version.

2. Methods
2.1. Participants and procedures

2.1.1. Reliability sample

Reliability data were collected from voluntary parents recruited from local nursery schools or several communities. Inter-
rater reliability data were collected from the mothers and fathers of 24 children (13 males; mean age = 10.0 months, SD=4.3
months, range = 4-17 months) and test-retest reliability data were collected from the mothers of 22 children (12 males;
mean age = 12.8 months, SD = 5.8 months, range = 4-20 months) with a mean interval of 8.3 days (range = 4-14 days). The
caregivers were not particularly familiar with ASD or the general development of children and were not told the aim of the
study before giving their answers.

2.1.2. Validity sample

The concurrent validity was examined using data from 25 children (17 males; mean age = 24.0 months, SD =.7 months,
range = 23-26 months), who lived in Nishi-Tokyo city, Japan, and were consecutively referred to the authors due to
developmental concerns between December 2008 and December 2009. The mothers of the children answered the M-CHAT
prior to the diagnostic evaluations. Two child psychiatrists and two certificated clinical psychologists who did not know the
results of the M-CHAT assessed the children in a team using the Childhood Autism Rating Scale-Tokyo version (CARS-TV),
which is the Japanese version of the CARS (Schopler, Reichler, DeVellis, & Daly, 1980) and has been demonstrated to be
reliable and valid for evaluating autistic symptoms in children (Kurita, Miyake, & Katsuno, 1989; Tachimori, Osada, & Kurita,
2003). The CARS has been reported to be useful for toddlers 2 years of age (Chlebowski, Green, Barton, & Fein, in press).

The discriminant validity was investigated using M-CHAT data from 1187 children (612 males), which had been collected
at free health check-ups for 18-month-olds in Munakata city, Fukuoka prefecture, Japan, between April 2005 and March
2007. Of these children, 20 (16 males) were identified as having ASD at age 3. Based on detailed clinical assessments and
comprehensive parental interviews on their developmental history independent of the M-CHAT results, the diagnoses were
confirmed by expert consensus among our research team (two experienced psychiatrists and a certificated clinical
psychologist) according to the DSM-IV-TR criteria for pervasive developmental disorders (PDD) (American Psychiatric
Assaociation, 2000). Of the 20 children with ASD, 7 children (6 males) were diagnosed with autistic disorder (autism) and the
remaining 13 children (10 males) were diagnosed with PDD not otherwise specified (PDD-NOS). The remaining 1,167
children (596 males) who completed a 3-year health check-up conducted by health professionals including pediatric
neurologists were grouped as a reference group in this study.

2.1.3. Ethical issues
The protocol of this study was approved by the ethics committee of the National Center of Neurology and Psychiatry,
Japan. Written informed consent to participate in our study was obtained from the caregivers of each of the children.

2.2. Data analysis

2.2.1. Reliability

For inter-rater reliability, Pearson’s correlation coefficient (1) was calculated between the M-CHAT score (the number of
failed items) of mothers and that of fathers. In addition, we calculated kappa coefficients («) for each of the 23 items.
Similarly, the test-retest reliability was examined using the first (test) and second (retest) answers.
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2.2.2. Validity

The concurrent validity was examined by calculating Pearson’s correlation coefficient (r) between the M-CHAT score and
the CARS-TV total score. To examine the discriminant validity, we compared the M-CHAT scores among the autism, PDD-
NOS, and reference groups by analysis of variance (ANOVA), and post hoc comparisons were conducted with Bonferroni’s
correction. The pass rate for each of the 23 items was compared between the ASD (both the autism and PDD-NOS) and the
reference groups using Fisher's exact test with Bonferroni's correction.

2.2.3. Short version

Based on the above item analysis, we proposed a short version of the Japanese M-CHAT and compared the internal
consistency (Cronbach’s «) between the full and short versions. Similar to the full version (see above), a correlation with the
CARS-TV total score and comparison among the autism, PDD-NOS, and reference groups were examined.

2.2.4. Screening utility

Using a validation sample from Munakata city (n=1187), we preliminarily reported the sensitivity, specificity, and
positive/negative predictive values for predicting later diagnosis of ASD in children at 18 months of age.

All statistical analyses were performed using SPSS 18.0] for Windows and the level of statistical significance was set at .05
{two-tailed).

3. Results
3.1. Reliability

3.1.1. Inter-rater reliability

A significant positive correlation was observed between the M-CHAT scores (the number of failed items) of mothers and
fathers (r=.933, p <.001). As shown in Table 1, kappa coefficients («) for inter-rater reliability were significant for 14 («
ranges .417-1.000, mean=.712) out of 18 items. For 5 items on which the coefficient could not be calculated, the raw
agreement rates were very high, exceeding .917. However, k were not significant for the following four items: item 8
(Functional play), 14 (Responds to name), 18 (Unusual finger movement) and 22 (Stares at nothing).

3.1.2. Test-retest reliability

The first and second M-CHAT scores were significantly positively correlated (r=.990, p < .001). As shown in Table 1, 16 of
the 18 items showed moderate to high test-retest reliability (« ranges .645-1.000, mean =.912), For the 5 items for which
kappa values could not be calculated, the raw agreement rates were satisfactorily high. However, the « were not significant
for items 11 (Oversensitive to noise) and 14 (Responds to name).

Table 1

Kappa coefficients (x) of the Japanese version of the Modified Checklist for autism in toddlers (M-CHAT).
Item no. M:CHAT item Inter-rater (n=24) Test-retest (n=22)
1, Enjoys being swung 958% 1.000°
2. Interest inother children 7007 1.0007
3. Climbs up stairs 9157 1.000"
4, Enjoys peek-a-boo 9172 1.000"
5, Pretend play 6007 1.000"
6. Imperative pointing 7277 908~
7. Declarative pointing 809” 908"
8. Functional play A1 909"
9 Brings objects to show 808" 8177
10. Eye contact : 9582 9552
11, Oversensitive to noise 5147 065
12 Responds to'smiile 1.000° 1.000?
13. Imitation of action 6677 8797
14. Responds to name -.167 327
15. Point following 664" 792"
16. walking 10007 10007
17. Gaze-following 7507 8177
18. Unusual finger movement 111 645"
19. Gaining parent's attention 565" 1.000"
20. Wondering hearing 9582 1.000*
21, Understands what is said 7277 1.000”
22, Stares at nothing 263 955
23. Social reference A7 909"
T p<.05.
" p<.ot

2 Figure is the raw agreement rate as kappa could not be calculated.
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Table 2
The M-CHAT scores (the number of failed items) at 18 months of age.
Mean SD Fz1184)
Full version 73.8"
Autism {(n=7) 471 4.54
Pervasive developmental disorders
not otherwise specified (PDD-NOS) (n=13) 246 1.56
Reference (n=1167) 58 .99

Note: Any post hoc comparisons with Bonferroni’s correction were significant (p <.001).
“ Analysis of variance (ANOVA), p < .01.

3.2, Validity

3.2.1. Concurrent validity
The M-CHAT score was significantly correlated with the CARS-TV total score in 25 children 23-26 months of age (r=.581,
p=.002).

3.2.2. Discriminant validity
As shown in Table 2, the mean M-CHAT score at 18 months of age differed significantly among the diagnostic groups. The
M-CHAT score was the highest in the autism group, followed by the PDD-NOS and the reference groups, respectively.
Table 3 shows that the pass rate at 18 months of age in children later diagnosed with ASD was significantly lower than
that of the reference children for the following 11 items: item 5 (Pretend play), 6 (Imperative pointing), 7 (Declarative
pointing), 8 (Functional play), 9 (Brings objects to show), 13 (Imitation of action), 14 (Responds to name), 15 (Point
following), 17 (Gaze-following), 21 (Understands what is said), and 23 (Social reference).

3.3. Short version

Based on the above analyses for each of the 23 items, we developed a short version of the Japanese M-CHAT consisting of 9
items (items 5,6, 7,9, 13, 15, 17, 21, and 23). Cronbach’s « for the short version (.752) improved compared to that of the full
version (.556), suggesting that the short version has superior internal consistency compared to the full version.

The number of failed items in the short version (M-CHAT-SV score) was significantly correlated with the CARS-TV total
score in 25 children 23-26 months of age (r=.615, p=.001). The mean M-CHAT-SV score at 18 months of age differed
significantly among the diagnostic groups (F=81.5, d.f. =2, 1184, p <.001), and all post hoc comparisons with Bonferroni’s
correction demonstrated a significant difference in the mean M-CHAT-SV score among the autism (mean = 3.43, SD=3.41),
PDD-NOS (mean =1.62, SD=1.71), and reference (mean =.20, SD=.72) groups.

Table 3
Pass rate of each item at 18 months of age.

ftem no. M-CHAT item Autism spectrum disorders (ASD) (n=20) Refererice (n=1167) Corrected p
1. Enjoys being swiung 95.0% 99.9% 769
2; Interest in other children 100.0% 99.7% 1.000
3. Climbs up stairs 100.0% 99.6% 1.000
4, Enjoys peek-a-boo 100.0% 99.7% 1.000
5. pretend play 75.0% 97.9% 002"
6. Imperative pointing 80.0% 98.6% 0067
7 Declarative pointing 70.0% 97.9% 000"
8. Functional play 70.0% 93.7% 030°
9. Brings object to show 75.0% 98.2% 0017
10. Eye confact 90.0% 99.1% 433
it Oversensitive to noise 95.0% 83.2% 1.000
12. Responds to smile 100.0% 99.9% 1.000
13. Imitation of action 80.0% 99.1% 0017
14, Responds to name 85.0% 99.8% 001"
15. Point following 85.0% 99.1% .024°
16. Walking 100.0% 99.7% 1.000
17. " Gaze-following 65.0% 95.4% 0017
18 Unusual finger movement 95,0% 97.9% 1.000
19. Gaining parent's attention 85.0% 97.7% 286
20. Wondering hearing 95.0% 100,0% .388
21, Understands what is said 85.0% 99.1% 030°
22, Stares at nothing 90.0% 91.7% 1,000
23, Social reference 60.0% 94.7% 000"

" Fisher's exact test with Bonferroni’s correction, p <.05.
“ Fisher's exact test with Bonferroni's correction, p < .01.
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Table 4
Cut-off value and related measures for predicting later diagnosis of autism spectrum disorders (ASD) in children at 18 months of age.
Sensitivity Specificity Positive predictive value Negative predictive value
Full version (M-CHAT score)
>1 .800 609 034 .994
=2 750 .893 107 995
>3 550 961 193 992
>4 350 978 212 989
Short version (M-CHAT-SV score)
>1 650 .885 088 993
>2 550 958 183 992
=3 400 981 267 990
>4 200 980 250 986

Note: Children with ASD, n =20; reference, n=1167. Short version of the Japanese M-CHAT consists of 9 items (items 5, 6, 7, 9, 13, 15, 17, 21, and 23).

3.4, Screening utility (preliminary report)

Table 4 shows the cut-off value and related measures for predicting later diagnosis of ASD in children at 18 months of age.
In order to maintain a balance between sensitivity and specificity, failing 2/23 items and 1/9 items was thought to provide
the best cut-off; however, low positive predictive values indicated that there were many false positives.

4, Discussion

In this study, we demonstrated the reliability and validity of the Japanese version of the M-CHAT, identified its critical
items in order to produce a short version, and reported preliminary information regarding the utility of the full/short version
as a screening tool for early detection of ASD.

To the best of our knowledge, this is the first study to confirm that the M-CHAT has good inter-rater and test-retest
reliabilities for infants and toddlers in the first 2 years of life. The present results suggest that caregivers can provide reliable
answers to most of the items on the Japanese version of the M-CHAT. As to the test-retest reliability, a relatively short
interval between tests was used in this study because children at this age develop very rapidly, which might have caused
memory effect and false consistency. Future studies should be conducted to confirm the reliability of the M-CHAT for
toddlers with an ASD diagnoses.

The Japanese version of the M-CHAT showed concurrent validity with the CARS, which has been reported to be useful for
evaluating autistic symptoms in toddlers 2 years of age (Chlebowski et al,, in press). In addition, the M-CHAT score was high
in children later diagnosed with ASD, particularly in children with autism. These results reflect the high validity of the
Japanese M-CHAT and support its use as a ASD screening tool for toddlers. Further replication studies are necessary using
other standardized measurements such as the Autism Diagnostic Observation Schedule (ADOS) (Lord et al., 2000) and/or
Autism Diagnostic Interview-Revised (ADI-R) (Lord, Rutter, & Le Couteur, 1994).

Although the children who were evaluated in the present study were slightly younger than those administered the
original M-CHAT (Kleinman et al., 2008; Robins et al., 2001), children 18 months of age who are later diagnosed with ASD
showed lower pass rates on 5 out of the 6 “critical items” of the original M-CHAT (items 2, 7,9, 13, 14, and 15) except item 2
(Interest in other children). Item 2 was originally included in the CHAT (Baron-Cohen et al., 1992) and was also found to be
sensitive to diagnosis of ASD when asked retrospectively to Japanese caregivers in clinical settings (Koyama et al., in press).
Its high pass rate (100%) in children with ASD in this study indicates that caregivers were not aware of the child’s disinterest
toward other children. At the age of 18 months, Japanese caregivers may still interpret a lack of interest in other children as
modesty or shyness rather than a symptom.

Item 14 (Responds to name) is one of the “critical items” on the original M-CHAT (Kleinman et al., 2008; Robins et al.,
2001) and similarly showed significant discriminative power for the 18-month-old children in the present study.
However, as neither inter-rater nor test-retest reliability were confirmed, we conservatively excluded this item from
the short version. Four children were rated as “pass” by their mother but were rated “fail” by their father, while 3
children were rated conversely. Two children who had first failed this item were rated as “pass” the second time by
their mother, whereas one child was rated conversely. These inconsistencies were found in older children as well as
younger children. Although this item (Does your child respond to his/her name when you call?) was intended to ask
about children’s ability to respond to caregivers’ social approach by calling, it may be ambiguous for parents of children
in the age range of this study. Since the item had good validity for the early detection of ASD in our study, it appears that
rephrasing for clarity is necessary.

We created a 9-item short version of the Japanese M-CHAT with higher internal consistency and similar validity
compared to the full version. This simpler screening tool may have a practical advantage. As there are no reverse items (items
11,18, 20, and 22) in the short version, the practical load on the check-up staff may be reduced. Although a single screening
using parent-report questionnaires can never predict an ASD diagnosis precisely (Bryson, Rogers, & Fombonne, 2003), it can
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be the first step in the multistage screening process as health check-ups provide valuable opportunities for screening young
children aged 18-24 months.

The low positive predictive value observed in our epidemiological community sample was consistent with the findings of
the original M-CHAT for the low-risk sample (Kleinman et al., 2008), indicating many false positives were involved in the
early screening process using the M-CHAT. Kleinman et al. (2008) reported that the positive predictive value was improved
from .11 to .65 by adding a follow-up telephone interview. Considering that multistage screenings are necessary for effective
early detection of ASD (Bryson et al., 2003), the Japanese version of the M-CHAT, which has acceptable sensitivity, may be
appropriate for a first-level screening targeting the general population.

Although only a preliminary finding, in terms of the sensitivity and specificity, the best cut-off value for the Japanese
version of the M-CHAT was failure on 2/23 items, which is lower than failure on 3/23 items using in the original M-CHAT
(Robins et al., 2001). This was due to the higher pass rate in Japanese 18-month-old children who are later diagnosed with
ASD compared with their American counterparts (Robins et al., 2001). The 6-month difference in age between the Japanese
and American children may in part explain this inconsistency. Alternatively, it may be explained by the tendency of Japanese
people to avoid making definite answers, even if they have some concerns. Thus, the yes-no questions of the M-CHAT may
not have accurately reflected the Japanese caregivers’' observations. Modifying the response style to a Likert scale, as used in
the Chinese version (Wong et al., 2004), might produce different results,

Due to the small sample size, we should avoid over generalizing the findings of this study, especially the cut-off score. As
for use, some modifications may be necessary according to the age of children and cultural attitudes and values.
Furthermore, long-term follow-up is necessary because the current scores could change if new ASD cases are detected in the
future. Nonetheless, based on the present results, the Japanese version of the M-CHAT, as well as its short version, are
considered reliable and valid for use as a first-level screening tool for early detection of ASD in the general population.
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