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Abstract This study aimed to validate the use of two-step
Modified Checklist for Autism in Toddlers (M-CHAT)
screening adapted for a Thai population. Our participants
included both high-risk children with language delay
(N = 109) and low-risk children with typical development
(N = 732). Compared with the critical scoring criteria, the
total scoring method (failing >3 items) yielded the highest
sensitivity of 90.7 %; specificity was 99.7 %, positive
predictive value 96.1 %, and negative predictive value
99.4 %. The two-step M-CHAT screening is a promising
instrument that can be utilized to detect ASD in Thai
children in both primary and clinical settings. Moreover,
socio-cultural context should be considered when adopting
the use and interpretation of the M-CHAT for each country.

Keywords Autism - Delayed language - M-CHAT -
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Introduction

Autism spectrum disorder (ASD) is a common neurode-

velopmental disorder with a prevalence of approximately
1-3 % worldwide (Christensen et al. 2016; Kamio et al.
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2014; Wingate et al. 2014; Yang et al. 2015). Early iden-
tification of individuals with ASD during the early devel-
opmental period is extremely important since it leads to
proper management and better outcomes for affected
children and their families (Warren et al. 2011; Zwaigen-
baum et al. 2015). As a result, the American Academy of
Pediatrics (AAP) recommends routine specific screening
for ASD in all children aged 18 and 24 months at health
supervision visits by using ASD-specific screening instru-
ments, including the Modified Checklist for Autism in
Toddlers (M-CHAT).

The M-CHAT is one of the most promising parent-
completed screening tools commonly used in primary care
and clinical settings (Johnson et al. 2007; Robins 2008;
Robins et al. 2001; Zwaigenbaum et al. 2015). Further-
more, the M-CHAT can be utilized to screen for ASD in
children from 16 months of age and up to 4 years old,
which provides desirable sensitivity (0.70-0.97) and a wide
range of specificity (0.38-0.99) depending on the settings
(Charman et al. 2016; Kleinman et al. 2008; Pandey et al.
2008; Robins 2008; Robins et al. 2001; Snow and Lecav-
alier 2008; Yama et al. 2012; Zwaigenbaum et al. 2015).
Nonetheless, positive predictive value (PPV) of the
M-CHAT was reported to be very low to relatively low
(0.058-0.43) for low-risk samples and those who were
screened at a younger age. The PPV was higher in high-risk
individuals and could be improved up to 0.57-0.76 with a
follow-up interview (Pandey et al. 2008; Robins 2008;
Robins et al. 2001; Zwaigenbaum et al. 2015).

As such, a follow-up interview should be considered in
M-CHAT screening in primary care settings. This adjunct
process could be more helpful to determine specific risks
for ASD and the need for referral in individuals with
developmental delay by minimizing the false-positive
results (Chlebowski, Robins, Barton, and Fein 2013;
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Kleinman et al. 2008; Robins 2008; Seung et al. 2015;
Zwaigenbaum et al. 2015). Moreover, there is a more
recent version, the M-CHAT-R/F that appears to better
identify ASD at a higher rate compared to the original
M-CHAT questionnaire (Robins et al. 2014).

The M-CHAT screening for ASD in both low-risk and
high-risk groups of children has also been adopted in many
developed countries (Garcia-Primo et al. 2014; Kamio
et al. 2014; Zwaigenbaum et al. 2015). However, early
detection of ASD in young individuals in developing
countries including Thailand can be very challenging since
the M-CHAT screening is not widely feasible in the con-
text of limited funding and a lack of human resources,
especially staff who are familiar with individuals with
ASD. Time constraints and busy clinical settings also
impede the M-CHAT screening. This is the case even in
individuals who are at risk for ASD, for instance children
whose parents or primary physicians have concerns of
ASD, siblings of those with ASD, and children with
delayed language development.

In addition to these constraints, the clinical utility of the
M-CHAT and the best discriminating items for identifying
ASD among various cultural backgrounds might differ
from research on ASD documented by Robins et al. (2001).
Kamio et al. (2015) recently reported six critical items
including imitation of action, bringing objects to show,
point following, protoimperative pointing, pretend play,
and language comprehension that appeared to be most
discriminative for 18-month-old Japanese toddlers with
ASD from typically developing children. Most of these
reported items were clearly different from the critical
scores demonstrated in the original M-CHAT research by
Robins et al. (2001). Therefore, socio-cultural difference
should be taken into consideration when adopting the use
and interpretation of the M-CHAT for each country.

In Thailand, there is still no routine screening for ASD
in either low-risk or high-risk children. Data gathering on
the M-CHAT based solely on parent-completed question-
naires, particularly in low-risk individuals at health
supervision visits, may be less reliable as some questions
may be misunderstood by parents. In addition to the limi-
tations on resources and time constraints mentioned pre-
viously, parents in Thailand are more familiar with
interviews or being read the process rather than the careful
completion of questionnaires by themselves, as docu-
mented in other developing countries like Turkey (Kara
et al. 2014).

Moreover, the M-CHAT completion rate was reported to
be relatively low at 56.3 % even in high-risk individuals in
developed countries like Singapore (Koh et al. 2014). In
South Korea, the percentage of changed response for each
M-CHAT item from an initial parental report was also
noted to be significantly high, up to 65.7 %, after the
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follow-up interview was performed by a clinician (Seung
et al. 2015). As a result, we were likely to encounter dif-
ficult issues related to the M-CHAT screening if responses
on the M-CHAT were completely dependent on parents
without the follow-up interview. Additionally, parents who
are less concerned whether their child might have ASD
usually do not completely understand all M-CHAT items
that are specific and relevant to development and behaviors
of their children. Therefore, they tend to provide more
false-positive results, particularly if the follow-up inter-
view is not in place (Chlebowski et al. 2013; Robins 2008;
Seung et al. 2015; Zwaigenbaum et al. 2015).

To increase the suitability of the M-CHAT in a Thai
cultural context, we hypothesized that a screening process
that includes both a parent-completed questionnaire fol-
lowed by a semi-structured interview by trained clinicians,
only for cases that initially screen positive based on the
total or the critical scoring criteria, could improve overall
sensitivity, specificity, PPV, and negative predictive value
(NPV) on the M-CHAT. As such, our study aimed at val-
idating the use of two-step M-CHAT screening with a
combination of initial parent reporting and interview. A
trained clinician conducted a follow-up interview for
response items that demonstrated a risk for ASD only for
cases that initially screen positive to increase the clinical
utility of the M-CHAT in identifying ASD in
18—48 month-old children who were at high- and low-risk
for ASD. High-risk individuals were those who presented
with language delay, whereas low-risk individuals were
children with typical development, who came for routine
child health supervision visits or attended events for child
health promotion at our center. Furthermore, we compared
sensitivity, specificity, PPV, and NPV between the total
and the critical scoring methods of the two-step M-CHAT
screening with respect to Thai children.

Methods
Participants and Procedure

From July 2014 to September 2015, there were a total of
841 participants who were enrolled in this study. The
participants were divided into two groups; the high-risk
and the low-risk groups for ASD as demonstrated in the
following section.

High-Risk Group

Eighteen to 48 month-old children with language delay
were initially identified by their caregivers who had con-
cerns about their children’s language development. Lan-
guage delayed children in the high-risk group tended to fail
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to acquire at least one of the following language mile-
stones: (1) no other words beyond mama and dada by
15 months of age, (2) not following any commands by
18 months of age, (3) no use of phrases by 24 months of
age, and (4) no three-word sentences by 36 months of age
(Feldman and Messick 2009). These children were pri-
marily seen by our pediatric residents. All participants were
then referred for comprehensive evaluation by develop-
mental and behavioral pediatricians.

At a developmental and behavioral evaluation visit, a
parent of each individual was thoroughly interviewed about
his or her primary concern regarding the child’s language
development. The interview also included a comprehensive
history of all developmental streams and the age at which
each developmental milestone was achieved; pre-, peri-,
and postnatal risk factors, in particular prenatal complica-
tions, maternal illness and drug use during pregnancy,
gestational age, birth weight, birth asphyxia (APGAR score
of <7 at 5 min) in addition to postnatal complications after
birth. We also obtained a family history of any develop-
mental or behavioral problems, including ASD, develop-
mental language disorder, global developmental delay, and
attention-deficit/hyperactivity disorder (ADHD) that had to
be seen and treated by physicians of such individuals in the
child’s family (physician-documented developmental and
behavioral disorders).

We also screened the medical history of the child and
ascertained their main caregiver. Those who were born to
mothers with prenatal complications, particularly maternal
illnesses or infections during pregnancy, gestational dia-
betes, pregnancy induced hypertension, and antepartum
hemorrhage; a preterm birth; having a birth weight of
<2500 g or postnatal complications including birth
asphyxia and postnatal conditions that required prolonged
hospitalization than usual after birth; having chronic
medical illness including epilepsy, congenital heart dis-
ease, chronic lung disease, chronic kidney disease, etc.;
having congenital anomalies or syndromes; and had pre-
viously been diagnosed with ASD before receiving an
evaluation at our center, were excluded from this study. As
such, there were a total of 109 children aged 18—48 months
who were enrolled in the high-risk group in this present
study.

The M-CHAT, Thai version, was given to the mother of
each individual in the high-risk group on the date of
appointment for comprehensive developmental and
behavioral evaluation. The mother completed the M-CHAT
questionnaire in the waiting area before her child was seen
by the developmental and behavioral pediatrician. After
finishing the extensive interview mentioned above, the
mother was then interviewed again regarding her M-CHAT
response by a trained developmental and behavioral pedi-
atrician only if her child screened positive based on the

total or the critical scoring criteria. The follow-up inter-
view was important since this process could help mothers
understand the exact purpose of each M-CHAT item. For
example, mothers answered item 18, “Does your child
make unusual finger movements near his/her face?” with a
“yes” response frequently. However, upon follow-up
interview, the authors determined that Thai mothers
intended to indicate that yes, their child wanted to play
peek-a-boo or play with his/her fingers. The same pattern
was reported in South Korea and Spain, where high rates of
endorsement of item 18 were reported in children without
ASD, particularly if the parent was not interviewed (Canal-
Bedia et al. 2011; Seung et al. 2015).

As a result, we used a semi-structured interview
approach for the follow-up interview in this present
study. The follow-up interview was performed in person
only for items that indicated the risk for ASD to clarify
whether the mother understood that particular item on the
M-CHAT correctly and to elicit specific examples of the
child’s behaviors with respect to the validity of the
M-CHAT documented in pioneering research by Robins
et al. (2001). All items which demonstrated the risk for
ASD were read to the mother. Moreover, some items
were also demonstrated as actions of such behaviors to
aid the mother’s understanding, including bouncing on
the knee (iteml), protoimperative pointing (item 6),
protodeclarative pointing (item 7), making eye contact
(item 10), plugging ears due to seemingly oversensitivity
to noises (item 11), following a point (item 15), fol-
lowing eye gaze (item 17), finger flicking close to the
eyes (item 18), and staring episode (item 22). Most
mothers generally provided responses immediately after
the follow-up interview and demonstration process men-
tioned above were conducted. However, there were
questions that some mothers might still find confusing.
As such, those specific items were generally asked as
open-ended questions and a range of examples were
provided, as displayed in Table 1.

After we completed the second step semi-structured
interview, the mother’s response was re-scored to deter-
mine whether the individual screened positive or negative
based on the total or the critical scoring criteria.

On completion of the two-step M-CHAT screening, the
clinician performed a physical examination. Each partici-
pant’s development and behaviors were then evaluated by
the developmental and behavioral pediatrician using either
the Mullen Scales of Early Learning, the Cognitive
Adaptive Test/Clinical Linguistic and Auditory Milestone
Scale (CAT/CLAMS) or Denver II (Frankenburg et al.
1992; Hoon et al. 1993; Mullen 1995), depending on the
expertise of the particular developmental and behavioral
pediatrician and time constraints during a 60-to-90-min
period for each new case.
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Table 1 The examples of specific M-CHAT items asked as open-ended questions

M-CHAT The example of those items

item

5. “Does your child have make-believe play? If so, please give an example.” If the mother did not know about make-believe play, a
few examples including pretending to use a remote control as a telephone or feeding self with a toy spoon would be provided. If
the response indicated that the child had ever engaged in make-believe play, the researcher rated this item as a pass, otherwise
they rated it as a fail

8. “What is your child’s most favorite toy and how does he/she play with it?” If the response indicated that the child played with
his/her favorite toy properly without mouthing or dropping or just carrying it, the researcher rated the item as a pass, otherwise
they rated it as a fail

11. “How does your child react to noise that he/she does not like such as a vacuum cleaner or loud music or doors slamming?” If the
response indicated that the child ever seemed oversensitive to such noises by covering his/her ears or screaming, the researcher
rated this item as a fail, otherwise they rated it as a pass

13. “What does your child do when you wave goodbye, clap your hands or blow a kiss?” If the response demonstrated that the child
could imitate such actions, the researcher rated this item as a pass, otherwise they rated it as a fail

23. “How often does your child look at your face to check your reaction when faced with something unfamiliar such as someone new

approaching or a slightly scary circumstance?” If the response indicated that the child sometimes looked at the parental
reaction when faced with such circumstances, the researcher rated this item as a pass, otherwise they rated it as a fail

Low-Risk Group

Screening for ASD in toddlers and preschool-aged children
with typical development by using the M-CHAT is not
mandatory during well-child care clinics and health
supervision visits in Thailand. Therefore, we decided to
invite all 18-48 month-old children who came for child
health supervision visits or attended events that were held
quarterly to twice a year for child health promotion at our
center to participate in this present study. There were 472
participants initially recruited in the low-risk group. These
participants’ caregivers, mainly mothers, completed the
intake questionnaire to verify that their child did not meet
the exclusion criteria as previously documented in the
high-risk group. To qualify as having typical development,
participants’ caregivers and primary pediatricians should
never have been concerned about the child’s development.
Each child also had to pass developmental surveillance
during health supervision visits.

Considering the exclusion criteria, three participants
with underlying epilepsy, one with VACTERL association,
two with age more than 48 months, two with preterm birth,
and four with incomplete M-CHAT data were finally
excluded from this study. As a result, our participants in
this particular group were considered very low risk for
ASD since the participants’ development had never been
considered a concern by their caregivers and primary
pediatricians. Our participants were therefore not repre-
sentative of population-based screening.

After meeting the inclusion criteria, each participant’s
mother initially completed the M-CHAT questionnaire by
herself. The mother was then re-interviewed only if her
child screened positive as per the two-step screening,
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mainly by the first author or developmental and behavioral
pediatricians. To help ensure the clarity and reliability of
provided data, this follow-up interview was done either
immediately in person or within a 2-month-period via a
telephone interview, depending upon the workload of the
researchers. The re-interview generally lasted for 2—10 min
and was focused on the specific responses that were at risk
for ASD as documented in the high-risk group mentioned
previously. In addition, 272 participants, who were origi-
nally enrolled as typically developing infants at 6 months
of age in another separate study of a longitudinal cohort of
the impact of electronic media exposure on young children,
were screened for ASD using the M-CHAT at 18 and
24 months of age. As such, there were a total of 732 par-
ticipants enrolled in the low-risk group.

Those who actually screened positive on the M-CHAT
following both initial parent report and follow-up interview
process on either the total or the critical scoring method
were comprehensively evaluated by developmental and
behavioral pediatricians in the same procedure as docu-
mented in the high-risk group. Participants who screened
negative on the M-CHAT were also followed-up to eluci-
date whether they still had not been diagnosed with ASD.
The follow-up method for those who screened negative was
one of the following: (1) appointed to be evaluated by
developmental and behavioral pediatricians; (2) had their
medical records reviewed; or (3) a telephone follow-up.

A developmental evaluation was performed by a
developmental and behavioral pediatrician by using the
Mullen Scales of Early Learning (Mullen 1995) on the
same date as the completed two-step M-CHAT screening
in each individual who was previously enrolled in our
longitudinal cohort described above. The telephone
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interview for those who screened negative on the two-step
M-CHAT included (1) “Do you have any concerns about
your child’s development and behaviors particularly social
and language development in addition to restricted, repet-
itive, and stereotyped behaviors or interests that make you
concerned that your child might be autistic? Restricted,
repetitive, and stereotyped behaviors or interests included
lining up toys, echolalia, extreme distress to small changes,
and fixed interest to unusual objects.”; (2) “Has your
child’s primary pediatrician ever diagnosed him/her with
ASD?”; (3) “Does your child attend daycare, nursery or
kindergarten? If so, have any care providers or teachers of
your child ever been concerned whether he or she might
have ASD?” The medical records review and telephone
follow-up interview for those who screened negative on the
M-CHAT generally occurred within a 6-to-12-month per-
iod after the two-step M-CHAT screening completion.

Materials
M-CHAT, Thai Version

We used the original version of the M-CHAT in this study.
The M-CHAT, Thai version, was back translated and
finally developed with kind permission from Dr. Robins
DL, based on the principles of good practice for adaptation
of the M-CHAT under her recommendations to retain its
originality and integrity (Robins et al. 2001). This original
questionnaire has 23 yes/no questions which can generally
be completed by a parent within 5 min and scored by a
trained clinician within 2 min. To be documented as failing
M-CHAT screening with regard to the original M-CHAT
research, such individuals have to fail three or more items
(total scoring) or two or more critical items on the
M-CHAT, which are items number 2, 7, 9, 13, 14, and 15
respectively (critical scoring).

The Diagnosis of ASD and Other Neurodevelopmental
Disorders

In addition to a thorough interview, physical examination,
and developmental evaluation using developmental tests
mentioned previously, participants’ development and
behaviors were comprehensively observed by experienced
developmental and behavioral pediatricians. These behav-
iors included joint attention both initiated and responded to
by the child, affective reciprocity and shared enjoyment
with both examiner and the child’s caregiver during
developmental evaluation. Other behaviors observed were
free play, make-believe play, bubble play with the exam-
iner, direct imitation, eye contact, and response to name.
The pediatricians noted the overall language and commu-
nication used both verbally and non-verbally in the session,

as well as any restricted, repetitive, and stereotyped
behaviors, and also hyper- or hyporeactivity to sensory
stimuli. The diagnosis of ASD and other neurodevelop-
mental disorders, including global developmental delay
and language disorder, were based on the Diagnostic and
Statistical Manual of Mental Disorders, Sth edition (DSM-
5; American Psychiatric Association 2013) in addition to a
team consensus agreement to verify the diagnosis of such
disorders in participants.

Statistical Analysis

Statistical analysis was performed using Stata version 13.1
(Stata Corp., College Station, Texas). For descriptive
analysis, frequencies of categorical variables were calcu-
lated, while median and interquartile ranges (IQR) were
calculated for continuous variables. The non-parametric
Wilcoxon rank-sum test was used to compare continuous
variables between the two groups. Chi-square test was used
in case of categorical variables. The internal consistency of
the M-CHAT for each scoring method was calculated.
Sensitivity, specificity, PPV, and NPV with 95 % confi-
dence interval (CI) were calculated for each scoring
method of the M-CHAT using the final diagnosis of ASD
based on the DSM-5 criteria (American Psychiatric Asso-
ciation 2013) as the gold standard. Moreover, item-level
data for each M-CHAT question that helps discriminate
ASD from non-ASD were also performed and demon-
strated as sensitivity and specificity with 95 % CI to
uniquely identify those with ASD in this population.
Receiver operating characteristic (ROC) analysis was used
in the evaluation of the M-CHAT for each scoring meth-
od. All p values reported are two-sided in which statistical
significance was defined as p of <.05.

Results
Demographic Characteristics of Participants

Participants in the high-risk group were significantly older
than those in the low-risk group [median age 30 (IQR
26-35) vs. 21 (IQR 18-30) months, p < .001], although
they had similar age ranges (18—48 months). Children
whose parents had concerns whether their children’s lan-
guage development might be delayed were predominantly
male compared with those whose parents did not have any
concerns during the time of the M-CHAT screening (77.1
vs. 48.8 %, p < .001). The median age at which those in
the high-risk group had their first word was 24 months
whereas those in the low-risk group had the median age of
the first word at 12 months. As expected, those in the high-
risk group appeared to have a family history of
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developmental and behavioral problems compared with
those in the low-risk group (36.7 vs. 7.5 %, p < .001).
There were no significant differences in other demographic
characteristics including main caregiver of the child,
paternal and maternal age, father’s education, and family
income between both groups of participants, except for
mother’s education where the number of mothers with at
least a bachelor’s degree were significantly lower in the
high-risk group compared with those in the low-risk group
(39.5 vs. 60.2 %, p = .001). Moreover, comparisons of
demographic variables between those who screened posi-
tive and negative on the M-CHAT in each group of par-
ticipants, and also between those who screened positive on
the M-CHAT in both high-risk and low-risk groups are
demonstrated in Table 2.

Diagnosis of ASD and Other Neurodevelopmental
Disorders

Of 109 participants in the high-risk group, 45 (41.3 %)
individuals were finally diagnosed with ASD, 53 (48.6 %)

Table 2 Demographic characteristics of participants

with language disorder, 8 (7.3 %) with global develop-
mental delay, and 3 (2.8 %) participants were classified as
typically developing children based on comprehensive
developmental and behavioral evaluation by developmen-
tal and behavioral pediatricians with respect to the DSM-5
criteria (American Psychiatric Association 2013).

With regard to participants in the low-risk group, 10
(1.4 %) individuals who screened positive on the two-step
M-CHAT were referred to be comprehensively evaluated
by developmental and behavioral pediatricians. There were
nine children who were finally diagnosed with ASD,
whereas one individual was diagnosed with global devel-
opmental delay. Among 722 individuals in the low-risk
group who screened negative on the M-CHAT, 276
(38.2 %) were evaluated by developmental and behavioral
pediatricians on the same date as the two-step M-CHAT
screening since most of them (97.1 %) were originally
recruited in our group’s cohort. We reviewed the medical
records of 105 (14.5 %) individuals and 269 (37.3 %) were
followed-up on the telephone with their mothers to confirm
whether those who screened negative on the two-step

Variable Low-risk group p®  High-risk group P P
Total M-CHAT screening Total M-CHAT screening
(n=732) . " (n =109) . ”
Negative Positive Negative Positive
(n = 722) (n = 10) (n = 68) (n = 41)

Age (months) 21 (18-30) 21 (18-29) 24 (24-42) .09 30 (26-35) 30 (25-35) 30 (27-35) .54 .18 <.001
Male gender 357 (48.8) 350 (48.5) 7 (70.0) A8 84 (77.1) 51 (75.0) 33 (80.5) 5147 <001
Age with first word (months) 12 (12-12) 12 (12-12) 17 (12-20) .01 24 (17-24) 20 (14-24) 24 (18-26) .01 .12 <.001
Family history of developmental 55 (7.6) 53 (7.4) 2 (20.0) A3 40 (36.7) 26 (38.2) 14 (34.1) .67 39 <001

and behavioral problems
Main caregiver

Mother 450 (61.5) 443 (61.4) 7 (70.0) .86 72 (66.1)  45(66.2) 27 (65.9) 59 66 .20

Grandmother/grandfather 194 (26.5) 192 (26.6) 2 (20.0) 26 (23.9) 18 (26.5) 8 (19.5)
Father’s age (years) 35 (31-39) 35 (31-39) 37 (32-42) .24 36 (30-40) 35 (30-40) 36 (31-43) .87 44 39
Mother’s age (years) 33 (30-37) 34 (30-37) 33 (32-36) .88 33 (28-37) 34 (29-38) 33 (29-37) 49 .70 .50
Father’s education

Bachelor’s degree and higher 388 (56.7) 385 (57.1) 3 (30.0) .09 47 (46.5) 29 (47.5) 18 (45.0) .80 39 .05
Mother’s education

Bachelor’s degree and higher 440 (64.1) 436 (64.5) 4 (40.0) A1 43 (42.6) 26 (42.6) 17 (42.5) 99 .89 <.001
Family income >30,000 431 (62.8) 426 (63.0) 5 (50.0) 40 63 (62.4) 44 (72.1) 19 (47.5) 01 89 93

Baht/month®

Categorical variables are presented as number and percentage (in parentheses) whereas continuous variables are presented as median and

interquartile ranges (in parentheses)

The national income per capita per month (Baht) based on the Office of the National Economic and Social Development Board, Office of the

Prime Minister, Thailand in 2015 was 16,778.50 Baht

# p value for comparison of demographic characteristics between those who screened negative and positive on the M-CHAT in each group of

participants

® p value for comparison of demographic characteristics between those who screened positive on the M-CHAT in the low- and high-risk groups

¢ p value for comparison of demographic characteristics between total samples of both groups of participants

d . . . . .
Family income was derived from the summation of father’s and mother’s income
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M-CHAT still had not been diagnosed with ASD during the
period of this study. However, 72 (10.0 %) participants
who screened negative on the M-CHAT could not be
contacted to recheck their developmental and behavioral
status. Among those with negative M-CHAT screening
who could be contacted (90 %), none were classified as
having the diagnosis of ASD. The flowchart of participants
who underwent the two-step M-CHAT screening is dis-
played (Fig. 1) and the demographic characteristics of
children with and without ASD are demonstrated in
Table 3.

The M-CHAT Screening in Participants

In the high-risk group, there were 41 (37.6 %) and 68
(62.4 %) individuals out of 109 participants who screened
positive and negative on the two-step M-CHAT, respec-
tively. Of the 41 participants who screened positive on the
M-CHAT, 40 (97.6 %) were diagnosed with ASD (PPV),
whereas 63 out of 68 (92.6 %) individuals who screened
negative on the M-CHAT had not been diagnosed with
ASD (NPV).

Among 45 participants who were diagnosed with ASD
by developmental pediatricians in the high-risk group, 40
(88.9 %) were defined as failing the two-step M-CHAT
screening (true positive rate or sensitivity) while 5
(11.1 %) individuals were classified as false negative on
the M-CHAT based on the total scoring system. Most

participants without ASD (63/64, 98.4 %) screened nega-
tive on the M-CHAT (true negative rate or specificity)
based on the total scoring method, whereas there was only
one participant (1/64, 1.6 %) without ASD who screened
positive on the two-step M-CHAT (false positive). This
particular individual who screened positive on the
M-CHAT screening with a total score of 3 was finally
diagnosed with global developmental delay.

Of 732 participants in the low-risk group, 207 (28.3 %)
children initially screened positive on the M-CHAT by
only parent reporting. Of 207 participants with positive
screening on the M-CHAT, 10 (4.8 %) continued to screen
positive after the semi-structured follow-up interview,
whereas 197 (95.2 %) were false-positive cases after the
follow-up interview was conducted. None of the screen
positive cases declined the evaluation. Among 207 partic-
ipants with positive screening on the M-CHAT that
required the second step M-CHAT screening, 122 (58.9 %)
received the follow-up interview in person at the visit
whereas 85 (41.1 %) received the follow-up interview on
the phone within 2 months. None of the latter group was
unable to be reached to complete the follow-up questions.

As described previously, 10 (1.4 %) out of 732 partici-
pants in the low-risk group screened positive on the two-
step M-CHAT whereas the remainder of participants
(98.6 %) in this group screened negative on the two-step
M-CHAT (Fig. 1). There were no participants with ASD
having false negative M-CHAT screening in the low-risk

The two-step M-CHAT screening

(n =841)
| Low-risk group (n = 732) | | High-risk group (n = 109) |
Screen positive Screen negative Screen positive Screen negative
(n=10) (n=722) (n=41) (n=68)

Clinical evaluation Clinical evaluation Clinical evaluation
(n=10) (n=41) (n=68)
ASD Non-ASD ASD Non-ASD ASD Non-ASD
(n=9) (n=1) (n =40) (n=1) (n=5) (n=63)
Clinical evaluation Review medical records Telephone interview Missing
(n=276) (n=105) (n =269) (n=72)

Fig. 1 Flowchart of participants underwent the two-step M-CHAT screening
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Table 3 Demographic characteristics of children with ASD and without ASD diagnosis

Variable Total (n = 841) ASD )4
With (n = 54) Without (n = 787)

Age (months) 24 (18-30) 30 (25-35) 23 (18-30) <.001
Male gender 441 (52.4) 44 (81.5) 397 (50.4) <.001
Age with first word (months) 12 (12-18) 24 (18-27) 12 (12-17) <.001
Family history of developmental and behavioral problems 95 (11.3) 15 (27.8) 80 (10.2) <.001
Main caregiver

Mother 522 (62.1) 37 (68.5) 485 (61.6) .64

Grandmother/grandfather 220 (26.2) 10 (18.5) 210 (26.7)
Father’s age (years) 36 (32-40) 37.5 (32-45) 36 (32-40) 15
Mother’s age (years) 34 (30-37) 33.5 (29-37) 34 (30-38) .96
Father’s education

Bachelor’s degree and higher 435 (51.7) 25 (46.3) 410 (52.1) 17
Mother’s education

Bachelor’s degree and higher 483 (57.5) 25 (46.3) 458 (58.3) 28
Family income >30,000 Baht/month 493 (58.7) 28 (51.9) 465 (59.2) 27

Categorical variables are presented as number and percentage (in parentheses) whereas continuous variables are presented as median and

interquartile ranges (in parentheses)

group. In other words, all individuals who screened nega-
tive on the two-step M-CHAT screening were classified as
non-ASD after the developmental and behavioral status of
the child was known. Likewise, the individual who had
false positive on the M-CHAT screening in the low-risk
group was diagnosed with global developmental delay as
mentioned above. In our whole sample, the total scoring
method of the two-step M-CHAT screening appeared to
provide relatively high sensitivity of 90.7 %, specificity of
99.7 %, PPV of 96.1 %, and NPV of 99.4 % based on the
total scoring criteria (Table 4).

Item-Level Data of Each M-CHAT Question
that Helps Discriminate ASD from Non-ASD

Based on the item-level data of each M-CHAT question,
there were key questions including interest in other chil-
dren, protoimperative pointing, protodeclarative pointing,
functional play, bringing objects to show, imitation of
actions, and following eye gaze (items 2, 6, 7, 8, 9, 13, 17)
that tended to provide acceptable sensitivity and higher

specificity to help discriminate ASD from non-ASD in this
population (Table 5). These items were still the better key
questions to differentiate those with ASD from individuals
without ASD in the high-risk group except for item 13. The
question item 21, “Does your child understand what people
say?” was more likely to better identify those with ASD for
high-risk individuals since it yielded higher sensitivity and
specificity compared with item 13 (data were not shown for
the high-risk group).

Comparison of Sensitivity, Specificity, PPV,
and NPV Between the Total and the Critical Scoring
Methods of the Two-Step M-CHAT Screening

With respect to internal consistency of the scoring methods
on the M-CHAT, it was 0.81 for the total scoring and 0.78
for the critical scoring method. Regarding comparison of
sensitivity, specificity, PPV, and NPV between the total
and the critical scoring methods in all participants, the total
scoring criteria (failing >3 items) was more likely to yield
highest sensitivity, specificity, PPV, and NPV compared

Table 4 Comparison of

.. . Parameter
sensitivity, specificity, PPV, and

Total scoring method

95 % CI Critical scoring method 95 % CI

NPV between the total and the
critical scoring methods of the
M-CHAT, Thai version in all

Sensitivity 90.7
Specificity 99.7

participants PPV 96.1
NPV 99.4
AUC 95.2

[79.7, 96.9] 75.9 [62.4, 86.5]
[98.9, 99.9] 99.7 [99.1, 100.0]
[84.1, 98.8] 95.3 [84.2, 99.4]
[98.5, 99.8] 98.4 [97.2, 99.1]
[91.3, 99.1] 87.8 [82.1, 93.6]

CI confidence interval, PPV positive predictive value, NPV negative predictive value, AUC area under the

curve

@ Springer



J Autism Dev Disord

Table 5 Item-level data for

each M-CHAT question that M-CHAT item Sensitivity 95 % CI Specificity 95 % CI

helps discriminate ASD from 1. Enjoy being swung 0.0 [0.0, 6.6] 98.1 [96.9, 98.9]

non-ASD in all participants . .
2. Interest in other children 46.3 [32.6, 60.4] 99.1 [98.2, 99.6]
3. Climbing on things 1.9 [0.0, 9.9] 98.6 [97.5, 99.3]
4. Enjoy playing peek-a-boo 11.1 [4.2, 22.6] 99.6 [98.9, 99.9]
5. Pretend play 259 [15.0, 39.7] 99.5 [98.7, 99.9]
6. Protoimperative pointing 46.3 [32.6, 60.4] 99.5 [98.7, 99.9]
7. Protodeclarative pointing 57.4 [43.2, 70.8] 98.7 [97.7, 99.4]
8. Functional play 42.6 [29.2, 56.8] 95.6 [93.9, 96.9]
9. Bringing objects to show 68.5 [54.4, 80.5] 96.1 [94.5, 97.3]
10. Eye contact 24.1 [13.5, 37.6] 99.5 [98.7, 99.9]
11. Oversensitive to noise 16.7 [7.9, 29.3] 82.3 [79.5, 84.9]
12. Response to smile 1.9 [0.0, 9.9] 99.9 [99.3, 100.0]
13. Imitation of actions 44.4 [30.9, 58.6] 97.8 [96.6, 98.7]
14. Response to name 33.3 [21.1, 47.5] 99.4 [98.5, 99.8]
15. Following a point 352 [22.7, 49.4] 99.9 [99.3, 100.0]
16. Walking 0.0 [0.0, 6.6] 100.0 [99.5, 100.0]
17. Following eye gaze 53.7 [39.6, 67.4] 96.3 [94.8, 97.5]
18. Unusual finger movements 29.6 [18.0, 43.6] 81.1 [78.2, 83.7]
19. Getting parents’ attention 37.0 [24.3, 51.3] 99.0 [98.0, 99.6]
20. Deafness 29.6 [18.0, 43.6] 95.6 [93.9, 96.9]
21. Language comprehension 38.9 [25.9, 53.1] 99.2 [98.3, 99.7]
22. Staring episodes 333 [21.1, 47.5] 95.6 [93.9, 96.9]
23. Social reference 27.8 [16.5, 41.6] 95.7 [94.0, 97.0]
CI confidence interval

with the critical scoring method (Fig. 2). A comparison of

sensitivity, specificity, PPV, and NPV between the total fCJ_’.A

and the critical scoring methods in both groups of partici-

pants is shown in Table 4. © |

The total scoring method still produced the highest S

sensitivity and NPV in those in the high-risk group when °

compared to the critical scoring method. Although the 3

critical scoring criteria yielded the highest specificity and

PPV of 100 for those in the high-risk group, it had rela- §A

tively lower sensitivity of 75.6 (95 % CI 60.5-87.1) com-

pared with the total scoring method. If we excluded those 8 |

in the .low-risk group who were unable to be reached a.fter S 0.00 0.25 0.50 075 100

screening negative on the two-step M-CHAT screening, 1-Specificity

our results remain unchanged. Moreover, the total scoring Total scoring method Critical scoring method

method was likely to have higher sensitivity, specificity,
PPV, and NPV than the critical scoring criteria used for
both younger (18-30 months old) and older individuals
(>30-48 months old).

Discussion
To our knowledge, this is the first study attempting to vali-

date the use of the two-step M-CHAT screening relevant to
Thai culture. This was conducted by implementing a

—-—- Reference

Fig. 2 Receiver operating characteristic (ROC) curves for the total
and the critical scoring methods of the M-CHAT, Thai version

combination of an initial parent report and the semi-struc-
tured follow-up interview on site for response items that
indicated a risk for ASD only for cases that initially screen
positive. A trained clinician conducted a follow-up interview
immediately or within a 2-month period so the clinician was
able to identify ASD in 18—48 month-old, both high-risk and
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low-risk groups of Thai children. The two-step M-CHAT
screening in this present study appeared to yield good sen-
sitivity (75.9-90.7 %), high PPV (95.3-96.1 %), very high
specificity (99.7 %), and NPV (98.4-99.4 %) according to
the scoring criteria used for the whole sample. However, it is
important to note that using a two-stage screening process
does not improve sensitivity. The primary goal is to reduce
the false positive rate, which most affects PPV, but the
sensitivity may actually decrease slightly.

Sensitivity, specificity, and predictive power of the two-
step M-CHAT screening used in this present study were
consistent with discriminant function analysis documented
in the first M-CHAT research of its type by Robins et al.
(2001) and also other literature (Kleinman et al. 2008;
Pandey et al. 2008; Robins 2008). However, the PPV
demonstrated in our study was generally higher than what
was reported in previous studies (Kamio et al. 2015; Pan-
dey et al. 2008; Robins 2008; Robins et al. 2001). This
particular finding might be due to the fact that the follow-
up interview for response items that demonstrated a risk for
ASD was entirely performed by clinicians who have
expertise in screening both high- and low-risk individuals
for ASD. This has previously been demonstrated in Kara
et al.’s study in which the M-CHAT was conducted by
health care providers (Kara et al. 2014), thereby reducing
false-positive rates and ultimately resulting in improve-
ment in the PPV.

Moreover, the screen-positive rate following the two-
step M-CHAT screening for low-risk individuals in our
study was 1.4 %, which was relatively similar to the rate of
screen-positive after the follow-up interview in a large
population study (272 out of 18,989 children) by Chle-
bowski, Robins, Barton, and Fein (2013). As such, an
additional 2-to-10-min follow-up interview by the clinician
after positive screening by initial parent response on the
M-CHAT should be considered even in the context of
limitations on resources and time constraints. Relying
solely on parent-completed questionnaires, especially from
a mother with lower education, could be inaccurate, par-
ticularly in Thai culture where parents are more familiar
with the interviewing process of being read the questions
rather than completing questionnaires on their own. Fur-
thermore, this second step screening should be incorpo-
rated into the general practice of ASD screening due to the
fact that it is valuable in helping to minimize the false-
positive results as documented in previous studies (Robins
2008; Seung et al. 2015). Otherwise, a waiting list of
referral for comprehensive developmental and behavioral
evaluation, which is generally limited in Thailand, in
children with false-positive screening, will be too long and
may unnecessarily provoke parental anxiety of such indi-
viduals for a period of time. Those with positive screens
were also likely to lose follow-up.

@ Springer

With respect to the scoring methods of the two-step
M-CHAT screening, the total scoring criteria (failing >3 of
any items) was more likely to yield the highest sensitivity,
specificity, PPV, and NPV than the critical scoring method
as also documented in the studies by Robins et al. (2014)
and Chlebowski et al. where the total scoring cut-off on the
M-CHAT could identify more screen-positive cases than
the critical scoring method. Furthermore, the total scoring
criteria still hold promise for both diagnostic and predictive
power of the two-step M-CHAT screening for younger
(18-30 months of age) and older (> 30-48 months of age)
individuals in our study, which was in contrast to the study
by Koh et al. (2014) where the critical (failing >2 critical
items) scoring criteria were far better than the total scoring
method in detection of true-positive cases of ASD in young
Singaporean toddlers. The varying findings between ours
and Koh et al.’s study plausibly resulted from differences
in study populations (high- and low-risk groups vs. only
high-risk group), M-CHAT screening method used (initial
parent completion followed by re-interview for response
items being at risk for ASD versus only parent completion
of the M-CHAT), and expectations on child behaviors and
development with regard to each cultural background.

Regarding item-level data analysis, key questions that
were likely to help discriminate ASD from non-ASD in
young Thai participants included interest in other children
(item 2), protoimperative pointing (item 6), protodeclara-
tive pointing (item 7), functional play (item 8), bringing
objects to show (item 9), imitation of actions (item 13), and
following eye gaze (item 17). There were three items
including protoimperative pointing, functional play, and
following eye gaze that appeared to yield better sensitivity
and specificity than other critical items including response
to name and following a point, originally reported by
Robins et al. (2001). Nonetheless, bringing objects to show,
protodeclarative pointing, interest in other children, and
imitation of actions were common critical items that were
sensitive for children with ASD both in the US and
Thailand.

The difference in key questions between our study and
the study by Kamio et al. (2015) from Japan was also
observed where pretend play, point following, and lan-
guage comprehension were noted to be more helpful to
differentiate 18-month-old Japanese toddlers with ASD
from typically developing children than those reported in
our study. This dissimilarity of key questions among
studies was likely due to varying degrees of parental sen-
sitivity and familiarity in observation of certain child
behavior which is specific and relevant to each culture. For
instance, protoimperative pointing and functional or pre-
tend play were preverbal social behaviors which were more
sensitive and were likely to be easier observed by the
parent of an individual with ASD than “response to name”
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behavior in Asian culture when compared to Western
culture. We speculated that children in Asian culture gen-
erally live with other family members rather than only their
parents. They were likely to have their names called often
by everyone in the household and in turn, these children
may choose not to respond when their names are called
because they are accustomed to hearing their names often,
even though they are typically developing. However,
“bringing objects to show” and “imitation of actions”
seem to be common items that are the most sensitive to
discriminate individuals with ASD from those without in
various ethnicities (Kamio et al. 2015; Robins 2008;
Robins et al. 2001; Stenberg et al. 2014; Wong et al. 2004).
The difference in the critical items or key questions rela-
tively relevant to each cultural context is interesting;
however, this topic goes beyond the scope of this study.

There have been no updated studies on the rate of ASD
in Thailand for more than a decade. The rate of ASD in the
low-risk sample in our study was 12.3 in 1000 or approx-
imately one in 81 (9 out of 732 cases), which was com-
parable to what has been reported in the literature to date
(Christensen et al. 2016; Kamio et al. 2014; Wingate et al.
2014; Yang et al. 2015). Although ASD is prevalent in
many countries around the world, there have been
tremendous recent debates on universal screening for ASD
in an era where ASD has become an important health issue,
particularly if young affected individuals and those who
have limited access to resources are still undetected and do
not receive appropriate intervention. As such, we argue
more strongly that universal screening should be incorpo-
rated into routine health supervision visits, particularly in
communities where the health-care system regarding early
ASD screening, referral for appropriate diagnosis and
management are well established, as demonstrated in our
setting.

There are some strengths of this present study in that
most follow-up interviews for response items being at risk
for ASD occurred immediately on site after initial parent
report. As such, each particular item could be thoroughly
explained in person by a clinician who is knowledgeable
about ASD, which resulted in reducing the time between
initial parent screening and the follow-up interview.
Moreover, those who screened negative on the two-step
M-CHAT were mostly evaluated by developmental and
behavioral pediatricians or had their medical records
reviewed or were followed-up on the telephone to verify
the status of non-ASD diagnosis.

Although the two-step M-CHAT screening used in this
study was likely to be a useful instrument in the detection
of ASD in both high-risk and low-risk individuals in
Thailand, there are still some limitations in that this study

was conducted in only one university-based hospital in
Bangkok. Therefore, there could be a referral bias for those
in the high-risk group. However, children who had been
diagnosed with ASD before receiving an evaluation at our
center were excluded from this study. Moreover, those in
the low-risk group, not only in the high-risk sample, were
also enrolled to expand the clinical utility of the two-step
M-CHAT screening in a Thai context.

In addition, we used a semi-structured interview
approach, as opposed to a more structured and scripted
format, for the follow-up interview in this present study,
which could result in considerable variable reliability
across participants. Changes in the wording and nature of
the items described in our semi-structured interview may
also result in some discrepancy from the original structured
M-CHAT follow-up interview recommended by Robins
(2008). However, all interviewers were trained and closely
supervised by the corresponding author to establish relia-
bility among interviewers to ensure that the follow-up
interview process provided a range of examples and
reworded questions to support comprehension.

Furthermore, we speculated that a less structured and
scripted approach of our semi-structured interview could
improve the feasibility of the follow-up interview in gen-
eral pediatric practice. Our results demonstrated that
almost 60 % of those with positive M-CHAT screening
who required the second step M-CHAT screening received
a follow-up interview in person at the visit. Nonetheless,
this feasibility might be diminished in case of busier gen-
eral pediatric practice settings and exhibited less reliability
across informants particularly if the interviewers do not
receive appropriate training on the follow-up interview.

Children with significant medical or known genetic
histories or syndromes were excluded from our study. As a
result, how the Thai M-CHAT would perform to identify
autism with this particular population cannot be known.
Moreover, our participants in the low-risk group were
considered very low risk for ASD compared with those
ascertained from population based screening of children at
well-child visits enrolled in the original study by Robins
et al. (2001), because children whose caregivers or pedia-
tricians had concerns about development were excluded.
This limitation may be addressed in future studies that
include children with a broader range of prenatal/postnatal
medical complications and the child’s development.

As a referral center for evaluation and management for
individuals with ASD and the fact that our participants’
parents had high educational levels, our findings, especially
sensitivity, specificity, PPV, and NPV, should be cau-
tiously interpreted. These findings may not be applicable to
other health-care settings in Thailand, particularly in
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disadvantaged communities where caregivers of at-risk
children for ASD tended to have lower levels of education
and there were likely to be more limitations on resources.
Moreover, the clinical diagnosis of ASD in this present
study was made by developmental and behavioral pedia-
tricians who are experts in the field based on the DSM-5
criteria (American Psychiatric Association 2013) without
using the Autism Diagnostic Observation Schedule
(ADOS) and the Autism Diagnostic Interview-Revised
(ADI-R) (Lord et al. 1994, 1999), despite the fact that the
corresponding author has received clinical training in both
standardized ASD diagnostic assessments. This was mainly
due to time constraints. However, the corresponding author
and a senior author of this study have experience in the
evaluation and management of ASD for almost 10 and
30 years, respectively.

In summary, the two-step M-CHAT screening, which
consisted of an initial parent-completed response on the
questionnaire, followed by the interview for response items
that were at risk for ASD only for cases that initially screen
positive, appeared to be a promising useful tool to screen
for ASD in both high-risk and low-risk individuals in
Thailand. Compared with the critical scoring method, the
total scoring or failing >3 of any items on the M-CHAT
was the best scoring criteria that provided the highest
sensitivity of 90.7 %, specificity of 99.7 %, PPV of
96.1 %, and NPV of 99.4 % respectively. To achieve
appropriate clinical utility of the M-CHAT relevant to each
population and setting, the socio-cultural context should be
seriously considered when adopting the use and interpre-
tation of the M-CHAT for each country.
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