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Validating the Malaysian
modified checklist for autism in
toddlers, revised with follow-up
(M-CHAT-R/F): a cross-cultural
adaptation
Yung Lin Han*, Wan Shahrazad Wan Sulaiman,
Abdul Rahman Ahmad Badayai and Hilwa Abdullah @ Mohd. Nor

Faculty of Social Sciences and Humanities, National University of Malaysia, Bangi, Malaysia

Introduction: The Modified Checklist for Autism in Toddlers, Revised with Follow-
Up (M-CHAT-R/F) is a two-stage parent-reported tool for screening autism
spectrum disorder (ASD). Early detection of ASD is highly associated with improved
social communication and reduced restricted and repetitive behaviors associated
with ASD. However, there is limited availability of ASD screening tools in Malaysia
and there are no relevant validation studies published. The process of modifying a
screening instrument to align with the cultural and linguistic characteristics of the
target population is a crucial component in establishing the instrument’s validity.
Methods: Therefore, this study translates and culturally adapts the M-CHAT-R/F into
Malay and verifies its psychometric properties among the Malaysian population. 500
Malaysian toddlers aged between 18 and 48 months were recruited from different
settings. The parents of the toddlers were asked to complete the Malaysian M-
CHAT-R/F. The reliability of the screening tool was verified using Cronbach’s alpha.
Results: By comparing the screening outcomes of the Malaysian M-CHAT-R/F and
clinical evaluation results, the prevalence of ASD was determined as 6.6% in the
sample. High values of sensitivity (96.6%) and specificity (93.2%) and a satisfactory
positive predictive value (47.5%) supported the validity of the Malaysian M-CHAT-
R/F. Furthermore, the receiver operating characteristic analysis yielded three as the
optimal cut-off score of the Malaysian M-CHAT-R/F.
Discussion: These results suggest that the Malaysian M-CHAT-R/F is an effective
screening tool reliable for use in clinical practice. Further investigation using a
representative sample of the whole country is recommended given the high
prevalence rate obtained in the current sample.
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Introduction

Autism Spectrum Disorder (ASD) is one of the most common neurodevelopmental

disorders. It is characterized by impaired social interactions and communication, and

repetitive and restrictive behaviors (1, 2). The global prevalence of ASD has dramatically

increased over the years (3–8). According to the Autism and Developmental Disabilities

Monitoring Network, the prevalence of ASD is reported at 1.85%, where one in 54

children in the United States is diagnosed with ASD (7). Since the epidemiology of ASD

remains unknown, its screening and diagnosis heavily rely on subjective qualitative
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criteria (9), such as questionnaires and behavioral assessments. The

American Academy of Pediatrics has recommended using

broadband screening in toddlers’ healthcare visits at 18 and 24

months to detect those with high chance of ASD (10). However,

a 2009 survey shows that only 28% of pediatricians perform the

recommended routine screening, specifying that the most

common barriers are lack of time and lack of familiarity with

screening tools (11). Typically, ASD screening tools are parent-

reported questionnaires that can be completed either online or in

primary healthcare settings in less than 10 min (12).

Among the available screening tools, Robins et al.’s (13)

Modified Checklist for Autism in Toddlers, revised with follow-up

(M-CHAT-R/F) is often used to detect autism-related symptoms

in toddlers. It is identified as a level one screening tool as it can

be administered by non-professionals in general settings (14) to

provide an initial identification of subsequent needs for diagnosis

and intervention. In fact, this revised version was developed to

improve the utility of its predecessor, M-CHAT (15). The clinical

utility and validity of a screening tool is often evaluated by

reporting its sensitivity and specificity values. Sensitivity value

refers to the test’s ability to accurately identify samples with a

condition, while the specificity value refers to the ability to identify

samples without the said condition (16). Sometimes, the Positive

Predictive Value (PPV) which refers to the probability that a

received positive test result would mean actual diagnoses (17),

were also reported to provide additional validation measures.

Using a low-risk population as sample, the M-CHAT-R/F reported

moderate sensitivity (66.7%) and high specificity (99.5%). In

addition, the M-CHAT-R/F was claimed to have better utility as

the authors reported higher PPV (51%) as compared to the

previous. A higher PPV is often favored as it could reduce

unnecessary anxiety and further reduce the needs for additional tests.

However, language and cultural differences hinder the

maximum utilization of parent-reported screening tools (18),

particularly in non-Western cultures where English is not the

primary language. Although studies have shown a high degree of

universality in the early symptom presentation of ASD across

populations (19–21), the screening accuracy results often differed

significantly. For example, the sensitivity and specificity of the

M-CHAT-R/F were reported to be different across translation

and validation studies that have been conducted on different

populations (22–25). Moreover, the positive predictive value

(PPV) reported were also differed significantly, ranging from

8.6% to 100% (26, 27). Although the differences in the PPV can

be explained by its high dependence on the prevalence rate of

the disorder, the differences in sensitivity and specificity warrant

careful consideration if the adapted versions are equally effective

when administered in other populations (28).

Notably, most studies that examine the validation and cross-

cultural adaptation of the M-CHAT-R/F have not reported the

details of their translation process (26, 29, 30). This casts further

doubt on the reliability and validity of such screening tools, as

previous research has shown that extensive translation and

adaptation efforts often result in the instrument containing more

modified or culturally appropriate phrases (31). In fact, only a

few studies examining cross-cultural adaptation and validity of
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the M-CHAT-R/F have had little modifications in wording or

examples (24, 25, 32). Another inconsistency observed, is the age

range of the participants (26, 30, 33, 34). Despite the M-CHAT-

R/F being suggested to screen toddlers from 16 to 30 months,

some studies have reported to include subjects up to the age of

48 months. Although studies with such an extended age range

have reported high sensitivity and specificity (20), it is difficult to

reach a conclusion if the screening tool is as effective when used

among older toddlers with limited statistical data. In addition, it

is suggested that cross-cultural differences might lead to under-

or over-recognition in reporting somatization of symptoms (35).

This further highlights the importance of cultural adaptation in

the application of translated instruments.

In Malaysia, approximately 50% of ASD cases are identified after

the age of five (36), due to low public awareness about ASD and the

lack of professional workforce in clinical settings (37, 38). Currently,

Malaysia still uses the previous version, M-CHAT (39), to identify

young toddlers with high likelihood of ASD. The M-CHAT was

translated into Malay and incorporated into routine heath care

visits for all children at 18 and 36 months respectively (40).

However, there were no validation studies on the translated M-

CHAT (36), nor its clinical application in Malaysia. In fact, the

translated Malay version of M-CHAT in the Children Health

Record book was initially published by Lau et al. (36) to study the

efficacy of M-CHAT in differentiating between ASD with other

developmental disorders instead of being a cross-cultural

validation study of M-CHAT. Moreover, no study has examined

the prevalence of ASD among Malaysians, nor have there been

any efforts to validate a broadband screening tool.

Hence, this study translates, culturally adapts, and validates the

Malaysian M-CHAT-R/F and examines its sensitivity and specificity.

Although the present study was not aimed to be an epidemiology

study, however, as the participants were recruited from different

community settings and the sample size recruited is large, the

results of this study may provide a preliminary representation of the

general population. Therefore, the results of this study also present a

projection of prevalence rate of children with ASD in Malaysia;

apart from the PPV and optimal cut-off score of the Malaysian M-

CHAT-R/F. In addition, cross-cultural adaptation of a screening

instrument for an intended population is also an integral part of

establishing validity. As a result, the research’s findings would

further contribute to the validity assessment of M-CHAT-R/F.

Considering that the target population’s culture and language play a

crucial role in establishing an instrument’s cross-cultural validity,

this study refers to Tsang et al.’s (41) translation and adaptation

processes. In addition, several similar adaptation studies of M-

CHAT-R and M-CHAT-R/F (20, 25, 32) for other populations were

also referred for methodological approach.
Methods

Study design and settings

This current research adopts a prospective approach, and the

data collection procedures were integrated into the existing
frontiersin.org

https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/


TABLE 1 Participants’ demographics (N = 500).

Characteristic
Age in months at the screening, mean (SD) 27.92 (8.2)

Age group, n (%)
18–30 months 397 (79.4)

31–48 months 103 (20.6)

Sex, n (%)
Male 268 (53.6)

Female 232 (46.4)

Race, n (%)
Malay 280 (56.0)

Chinese 137 (27.4)

Indian 81 (16.2)

Others 2 (0.4)

Location of data collection, n (%)
Community Clinic 390 (78.0)

Hospital 13 (2.6)

School 52 (10.4)

Therapy Center 42 (8.4)

Others 3 (0.6)
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healthcare services. Participants were recruited from different

settings, specifically four community clinics, two hospitals, four

pre-schools, and three therapy centers, in Selangor. Taking into

considerations that most community clinics in Malaysia has long

waiting list with limited professional workforce, some parents

might opt to have their child’s developmental screening done in

private centers with relevant medical specialist. The three therapy

centers recruited are private medical therapy centers which offer

community developmental screenings for general populations

around the area. Hence, all participants are recruited from the

general population. According to the official portal of the

Ministry of Economy of Malaysia (42), Selangor was reported to

have the highest number of households (N = 1,623.1). It is placed

as the third highest in monthly household gross income (RM

10,827) and monthly household consumption (RM 4,709), as

well as third lowest in absolute poverty (1.2%) among the 14

states of Malaysia. In addition, it is also reported that a mean

monthly household gross income for the top 20% of Malaysian is

equivalent to RM 18, 506, middle 40% is RM 7,348 and the

bottom 40% is RM 3,152. In terms of population by ethnic

group, majority of Malaysian are Malay (69.9%), followed by

Chinese (22.8%), Indian (0.06%) and others (<0.01%).

Therefore, though detailed demographic data could not be

obtained due to ethical reasons as compliance to the approval

given by the Ministry of Health Malaysia, through review of

economic statistical published for Selangor, the subjects recruited

in this research are projected to be from the middle-upper class

in the urban area.
Participants

Based on the calculation using Krejcie and Morgan’s (43)

formula, the required sample size for a target population of

100,000 and above is 384. With a 20% dropout rate (44) for

most research studies, the required sample size for the first phase

of this study was determined at a minimum of 461 subjects.

Only toddlers aged between 18 and 48 months with an identified

caregiver who spoke or read Malay, and provided written

informed consent at the time of screening were included. In

addition, as this study aims to validate the M-CHAT-R/F

through analysis of sensitivity and specificity values as well as

PPV; only children who has not been through developmental

screenings are included to closely resembles the practicality of

M-CHAT-R/F being a broadband screening tool. Any toddlers

who do not fit the age range, or those who had been clinically

diagnosed with other medical conditions or developmental

disorders were excluded as the aim of this study is not to

evaluate the efficacy of M-CHAT-R/F in differentiating children

with various disorders or syndromes compared to ASD. Children

with previously diagnosed ASD were also excluded as this study

took on a prospective approach rather than retrospective.

The final sample comprised of 500 toddlers, with a mean age of

27.92 months (SD = 8.20). Most toddlers were males (53.6%) and

aged between 18 and 30 months (79.4%). Data of most toddlers

were collected at community clinics (78.0%), followed by schools
Frontiers in Child and Adolescent Psychiatry 03
(10.4%), therapy centers (8.4%), hospitals (2.6%), and other

platforms (0.6%). The other platforms consisted of social media

platforms, such as parenting and early childhood education

groups on Facebook, and orphanages. Table 1 presents the

descriptive statistics of participants’ demographics and Figure 1

illustrates the flow of screening procedures.
Measures

The Malaysian M-CHAT-R/F
Permission to translate the M-CHAT-R/F into Malay was

obtained from the original authors. According to Tsang et al.’s (41)

guidelines, the four steps in the translation and adaptation process

are forward translation, back translation, establishment of an expert

committee, and preliminary pilot testing, as shown in Figure 2.

The English M-CHAT-R/F was forward-translated into Malay by

personnel from the Ministry of Health who also translated the

previous version (M-CHAT Malay) and a pediatrician. An expert

committee comprising two clinical psychologists, one

developmental psychologist, and one academician compared the

English and translated versions to resolve any discrepancies.

Discrepancies include the use of relevant words and examples. For

example, the phrase “bermain berlakon atau olok-olok” was used to

represent play pretend or make-believe, which is not a direct

translation of the English version but a Malay phrase which carries

the same meaning and widely use among the community. Other

examples are usage of “respons” and “snek” which are borrowed

words from the English instead of using the actual Malay

translation as these borrowed words were more widely used among

the community in daily lives. Upon agreeing to the forward

translation, the Malay M-CHAT-R/F was back-translated into

English by a linguistic expert and a bilingual academician who

were blinded to the purpose and concepts of the screening tool.

Any discrepancies were resolved by the expert committee. A
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FIGURE 1

Initial and follow-up screening procedures to validate the Malaysian M-CHAT-R/F.

Han et al. 10.3389/frcha.2023.1221933
preliminary pilot test of the Malaysian M-CHAT-R/F was conducted

with a small sample of 20 bilingual Malaysian parents. No

incongruities or ambiguities were observed. In fact, nurses and
Frontiers in Child and Adolescent Psychiatry 04
parents who participated in the pilot test commented that the

examples included in most of the items were very helpful as

compared to the previous M-CHAT that does not provide any
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https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/


FIGURE 2

Translation procedure of M-CHAT-R/F adapted from Tsang et al. (41).

Han et al. 10.3389/frcha.2023.1221933
examples. The final Malaysian M-CHAT-R/F comprised 20 yes–no

questions with three reverse-scoring items.

Clinical assessments
Clinical assessments include preliminary evaluation conducted

by pediatrician or family medicine specialist during initial

healthcare visits, and diagnostic evaluation conducted by licensed

clinical psychologists who had at least five years of experience.

Preliminary evaluation was based on semi-structured parent

interviews, Ages and Stages Questionnaires—Third Edition (45),

Schedule of Growing Skills-II (46), or the Bayley Scales of Infant

and Toddler Development—Third Edition (47), as well as the

criteria listed in Diagnostic and Statistical Manual-5 (1).

Depending on the child’s presentation and the physician’s

recommendations during initial health care visits, additional

assessments, such as the Autism Diagnostic Observation Schedule

—Second Edition (48) and the Wechsler Preschool and Primary

Scale of Intelligence—Third Edition (49), were also performed by

the clinical psychologists as second level diagnostic evaluation.

Children who fulfilled the criterion of ASD throughout both

evaluations would receive a diagnosis of ASD and grouped under

“ASD”, while children were screened negative and did not exhibit

specific autistic characteristics during physician evaluations would

be grouped as “non-ASD” in this research.
Procedures

The Institutional Review Board of the National University of

Malaysia provided oversight and approval for this study (JEP-2021-
Frontiers in Child and Adolescent Psychiatry 05
871). Additionally, external ethical approval (NMRR ID-22-00626-

8LB) was obtained from the Ministry of Health Malaysia, namely

the Medical Review & Ethics Committee and the National Medical

Research Register, before recruiting participants from community

clinics and hospitals. Registered preschools and therapy centers

were approached individually for recruiting participants. The

researchers provided an informed consent form, information sheet,

and the Malaysian M-CHAT-R/F questionnaire to the medical staff

and teachers working at the recruitment sites. The medical staff

and teachers were instructed about inclusion and exclusion criteria

so that they could screen children aged between 18 and 48 months

for this study. As such, parents were invited by these professionals

and briefed about the nature of this study by presenting the

information sheet. Parental consents were obtained as they signed

on the informed consent form. Then, the Malaysian M-CHAT-R/F

were given to the parents and subsequently checked by these

professionals or researchers for any missed items. Follow-up

screenings were done through phone calls or on-the-spot interviews.

The Malaysian M-CHAT-R/F is a two-stage ASD screening tool

for toddlers aged between 18 and 48 months. The first stage

consists of a checklist containing 20 yes–no questions, while the

second involves a structured follow-up interview. Between April

2022 and December 2022, the Malaysian M-CHAT-R/F was used

to screen 500 Malaysian toddlers aged between 18 and 48 months.

In the first stage, parents or caregivers responded to 20 questions

related to specific autistic traits based on their child’s developmental

performance. The scores were summed, but Items 2, 5, and 12

were reverse scored. A total score between zero and two, three and

seven, and eight and twenty denoted low, medium, and high risk of

ASD, respectively. Children who scored two or less were considered
frontiersin.org
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to have screened negative, while those who scored more than two

were considered to have screened positive in the first stage. The

children who had screened negative (those having a low likelihood

of ASD) were not subjected to a follow-up interview. On the other

hand, since children with medium risk had scored more than two

in the first stage, their parents or caregivers were invited for a

follow-up telephonic or on-the-spot interview and were asked about

failed items. If the child continued to screen positive after the

follow-up interview (that is, the child failed two or more items), the

child was referred for an additional clinical diagnostic evaluation.

As the screening occurred and was integrated into healthcare

visits, physicians were asked to determine whether ASD features

were present in all children despite the M-CHAT-R/F scores

acquired. As practicing physicians in current study were

equipped with knowledge and practical experience to diagnose

ASD based on its criterion and performed preliminary evaluation

of ASD as part of their healthcare services, children who did not

exhibit any related features were regarded as non-ASD at this

stage. Meanwhile, ten children who were initially screened

negative were flagged by these physicians for presence of ASD

features and the parents were invited for subsequent clinical

diagnostic evaluation. Children with high risk were directly

considered to have screened positive in the second stage (without

a follow-up interview) and were referred for additional clinical

diagnostic evaluation. The final diagnosis of ASD was concluded

based on all gathered information inclusive of assessment results

and clinical judgment according to the DSM-5.

There were no incomplete responses, hence all responses are

included for statistical analyses. Descriptive statistics were used to

determine participants’ demographics. The reliability of the

Malaysian M-CHAT-R/F was assessed using Cronbach’s alpha,

where a value greater than 0.70 was considered adequate (50). The

screening results were compared with evaluation results (ASD vs.

non-ASD), and the prevalence of ASD was calculated. The validity

of the Malaysian M-CHAT-R/F was determined based on its

sensitivity, specificity, and PPV in accordance with the full sample

of 500 participants. Its clinical validity was determined for the

target age group (toddlers aged between 18 and 48 months) as well

as segregated age groups (toddlers aged between 18 and 30 months

and 31 and 48 months). We investigated its validity for segregated

age groups, especially the 31–48 age group, to gather evidence of its

efficacy in detecting ASD in older toddlers. Finally, the optimal cut-

off score of the Malaysian M-CHAT-R/F was determined in

relation to the Malaysian population using the receiver operating

characteristic (ROC) analysis. All statistical analyses were performed

using SPSS version 25 at a significance level of α = 0.05.
Statistical analysis

Several statistical procedures were performed using the SPSS

v27 to speculate the psychometric performances of the Malaysian

M-CHAT-R/F. Descriptive analysis for each item, inclusive of

comparison between children who were diagnosed with ASD

after screening and those without is presented. Normality test
Frontiers in Child and Adolescent Psychiatry 06
was not performed as the nature of the screening scores would

be positively skewed as majority of the subjects recruited were

from the general populations with presumably low M-CHAT-R

scores, representing the majority portion of neurotypical

children. Hence, reliability of the Malaysian M-CHAT-R/F was

assessed based on its’ internal consistency of the test items using

Cronbach’s Alpha as all the 20 items were measuring the same

construct. Then, the validity of the Malaysian M-CHAT-R/F was

evaluated based on its’ sensitivity, specificity and PPV by

reviewing and comparing the scores and assessments results of

the 500 samples recruited. In addition, regression analysis was

administered to demonstrate items predictive power on the actual

diagnosis. The optimal cut-off score was also calculated using the

Receiver Operating Characteristic (ROC) curve.
Community involvement statement

The family members of children with autism were involved in

reviewing the translated screening tool and provided feedback for

the expert committee, especially during the pre-test of the

translated M-CHAT-R/F. Parents mentioned that the examples

given were helpful and regarded them as an added advantage

compared to the previous version. Doctors, nurses, and parents

of children from the autistic community were also involved in

sharing their subjective experiences and thoughts while filling the

self-administered Malaysian M-CHAT-R/F. Comments mostly

includes ease of administration and accuracy of examples

depicting the daily lives and Malaysian cultures.
Results

Descriptive statistic

Descriptive analysis for each item of the Malaysian M-CHAT-

R/F was computed. Table 2 showed the frequencies and percentage

of children in each group who scored at risk on each item. Overall,

the highest scored item is item no. 5 with N = 66. The highest

scored item (N = 45) among non-ASD participants is item no. 5

while the highest score items (N = 38) among ASD participants

are item no. 7, 18 and 16.
Reliability

The Cronbach’s α was 0.91, showing a high level of internal

consistency across all 20 items of the Malaysian M-CHAT-R/F.

According to George and Mallery (51), this value denotes

excellent internal consistency. The inter-item correlation for all

20 items was within the ideal range, with a mean value of 0.34

(52). Table 3 showed the changes in Cronbach’s alpha if the

item is deleted. Since there was no significant increment in

reliability after an item was deleted, we retained all 20 items.
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TABLE 3 Item-Total statistics.

Item Cronbach’s Alpha if Item Deleted
1 .906

2 .918

3 .908

4 .915

5 .922

6 .907

7 .906

8 .905

9 .906

10 .908

11 .908

12 .921

13 .917

14 .906

15 .908

16 .906

17 .906

18 .903

19 .905

20 .913

TABLE 4 Screening outcomes after the Use of the Malaysian M-CHAT-R/F.

Risk of ASD n (%)
Low 439 (87.8)

Medium 29 (5.8)

High 32 (6.4)

Screened Negative of ASD 440 (88.0)

Screened Positive of ASD 60 (12.0)

ASD 33 (7.5)

Non-ASD 407 (92.5)

TABLE 2 Frequencies and percentage of children in each group who scored at risk on each item.

Frequencies and percentage of scoring 1 (at risk) Total
(n = 500)

Non-ASD
(n = 440)

ASD
(n = 60)

n (%) n (%) n (%)
1. If you point at something across the room, does your child look at it? 23 (4.6) 0 (0) 23 (38.33)

2. Have you ever wondered if your child might be deaf? 25 (5) 13 (2.9) 12 (20)

3. Does your child play pretend or make-believe? 32 (6.4) 5 (1.13) 27 (45)

4. Does your child like climbing on things? 24 (4.8) 10 (2.27) 14 (23.33)

5. Does your child make unusual finger movements near his or her eyes? 66 (13.2) 45 (10.23) 21 (35)

6. Does your child point with one finger to ask for something or to get help? 38 (7.6) 4 (0.9) 34 (56.67)

7. Does your child point with one finger to show you something interesting? 42 (8.4) 4 (0.9) 38 (63.33)

8. Is your child interested in other children? 33 (6.6) 1 (0.23) 32 (53.33)

9. Does your child show you things by bringing them to you or holding them up for you to see—not to get help,
but just to share?

29 (5.8) 1 (0.23) 28 (46.67)

10. Does your child respond when you call his or her name? 24 (4.8) 2 (0.45) 22 (36.67)

11. When you smile at your child, does he or she smile back at you? 25 (5) 2 (0.45) 23 (38.33)

12. Does your child get upset by everyday noises? 57 (11.4) 41 (9.32) 16 (26.67)

13. Does your child walk? 8 (1.6) 4 (0.9) 4 (6.67)

14. Does your child look you in the eye when you are talking to him or her, playing with him or her, or dressing
him or her?

31 (6.2) 3 (0.68) 28 (46.67)

15. Does your child try to copy what you do? 26 (5.2) 3 (0.68) 23 (38.33)

16. If you turn your head to look at something, does your child look around to see what you are looking at? 49 (9.8) 11 (2.5) 38 (63.33)

17. Does your child try to get you to watch him or her? 42 (8.4) 5 (1.14) 37 (61.67)

18. Does your child understand when you tell him or her to do something? 39 (7.8) 1 (0.23) 38 (63.33)

19. If something new happens, does your child look at your face to see how you feel about it? 40 (8) 4 (0.9) 36 (60)

20. Does your child like movement activities? 14 (2.8) 2 (0.45) 12 (20)

Han et al. 10.3389/frcha.2023.1221933
Screening outcomes

After the completion of the Malaysian M-CHAT-R/F, most

participants (88.0%) screened negative. In the first stage, most

participants (87.8%) had a low risk of ASD, followed by those

who had a high risk (6.4%) and those who had a medium risk

(5.8%). In the second stage, medium-risk participants who had

failed two or more items and those with high risk were
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considered to have screened positive. As shown in Table 4, 440

participants screened negative, while 60 screened positive after

the second stage. Participants who were identified to fulfil the

criterion of ASD based on clinical assessments are classified as

“ASD” while participants who do not fulfill the criterion

throughout the screening procedures are classified as “non-ASD”.
Prevalence of ASD

Although determining the prevalence of ASD among Malaysian

children was not the main intention of this study, it could be

calculated by comparing the screening and diagnostic outcomes.

Since the participants were recruited from different settings and

none were lost during the follow-up interview and healthcare

screenings by physicians, the prevalence calculated in this study

may serve as a preliminary findings and projection on the

prevalence among the Malaysian population. According to

Figure 1, 70 children were referred for additional clinical
frontiersin.org

https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/


Han et al. 10.3389/frcha.2023.1221933
diagnostic evaluation. 32 out of 60 children who screened positive

received a diagnosis of ASD, while only 1 out of 10 children who

screened negative but had a physician concern received a diagnosis

of ASD after subsequent clinical diagnostic evaluation. Thus, 33

out of 500 recruited toddlers received a diagnosis of ASD,

suggesting the prevalence rate of ASD amounted to 6.6%.
Validity of the Malaysian M-CHAT-R/F

Table 5 shows that the Malaysian M-CHAT-R/F demonstrates

decent sensitivity and specificity at 97.0% and 94.0%, respectively,

and a satisfactory PPV of 53.3% among Malaysian toddlers aged

between 18 and 48 months. It also presents the results for

younger and older age groups. The sensitivity and specificity

values were nearly the same for both age groups. The screening

accuracy for the younger age group (18–30 months) was slightly

more precise (sensitivity = 100.0%, specificity = 94.2%, and PPV =

42.1%) than that for the older age group (31–48 months)

(sensitivity = 94.1%, specificity = 93.0%, and PPV = 72.7%).
TABLE 6 Predictive Power for Each Item on the Actual Diagnosis

Item

If you point at something across the room, does your child look at it?

Have you ever wondered if your child might be deaf?

Does your child play pretend or make-believe?

Does your child like climbing on things?

Does your child make unusual finger movements near his or her eyes?

Does your child point with one finger to ask for something or to get help?

Does your child point with one finger to show you something interesting?

Is your child interested in other children?

Does your child show you things by bringing them to you or holding them up for you t
just to share?

Does your child respond when you call his or her name?

When you smile at your child, does he or she smile back at you?

Does your child get upset by everyday noises?

Does your child walk?

Does your child look you in the eye when you are talking to him or her, playing with him
her?

Does your child try to copy what you do?

If you turn your head to look at something, does your child look around to see what yo

Does your child try to get you to watch him or her?

Does your child understand when you tell him or her to do something?

If something new happens, does your child look at your face to see how you feel about

Does your child like movement activities?

TABLE 5 Sensitivity, specificity, and positive predictive value of the Malaysian

Sensitivity (95% CI) Specificity (95%
M-CHAT-R/Fa 97.0% 94.0%

M-CHAT-R/Fb 100.0% 94.2%

M-CHAT-R/Fc 94.1% 93.0%

CI: confidence interval; PPV: positive predictive value; NPV: negative predictive value; F

Toddlers, Revised with Follow-up; M-CHAT-R/Fa: toddlers aged between 18 and 48 m

toddlers aged between 31 and 48 months.
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However, the PPV for the older age group was 30.6% more than

the PPV for the younger age group. In addition, Table 6 shows

the predictive power for each item on the actual diagnosis. The

table shows that the Malaysian M-CHAT-R/F is statistically

significant in predicting the actual diagnosis, F(20, 249) = 114.51,

p < 0.001. Multiple regression showed that 11 out of 20 items in

the Malaysian M-CHAT-R/F instrument are significant

predictors of actual ASD diagnosis, p < 0.05.
Optimal cut-off score of the Malaysian
M-CHAT-R/F

We used the ROC curve to determine the optimal cut-off

score of the Malaysian M-CHAT-R/F. According to Swets (53),

when the Area Under the Curve (AUC) is closer to one, it

indicates that the test has better discriminability. Figure 3

shows that the AUC was 0.986, indicating that the Malaysian

M-CHAT-R/F has relatively good discriminability in accurately

distinguishing ASD. Furthermore, after maximizing sensitivity
β SE 95% CI p

Lower
Bound

Upper
Bound

.01 .04 −.06 .10 .678

−.04 .02 −.09 .00 .054

−.01 .03 −.06 .04 .658

.03 .03 −.02 .09 .190

.01 .02 −.02 .04 .616

.16 .03 .09 .20 <.001

.12 .03 .05 .17 <.001

.45 .04 .38 .52 <.001

o see—not to get help, but −.14 .03 −.21 −.08 <.001

−.02 .03 −.08 .05 .569

.24 .04 .19 .34 <.001

−.02 .02 −.05 .01 .235

−.01 .04 −.09 .06 .690

or her, or dressing him or −.05 .04 −.12 .02 .182

.06 .03 .00 .13 .043

u are looking at? −.07 .03 −.11 −.01 .019

.18 .03 .10 .22 <.001

.06 .04 −.02 .13 .120

it? .10 .03 .04 .15 .002

−.10 .03 −.22 −.09 <.001

M-CHAT-R/F.

CI) PPV NPV FP FN
53.3% 99.8% 6.0% 3.0%

42.1% 100.0% 5.8% 0

72.7% 98.8% 7.0% 5.9%

P: false-positive; FN: false-negative; M-CHAT-R/F: Modified Checklist for Autism in

onths; M-CHAT-R/Fb: toddlers aged between 18 and 30 months; M-CHAT-R/Fc:
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FIGURE 3

Receiver operating characteristic (ROC) curve of the Malaysian M-
CHAT-R/F.
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without compromising specificity, where the predictive values

revealed a sensitivity of 0.97 and a specificity of 0.94, we found

that the optimal cut-off score was three. This cut-off score

corresponded to the cut-off score of the original M-CHAT-R/F,

as shown by Robins et al. (13).
Discussion

We analyzed the psychometric properties of the Malaysian

M-CHAT-R/F using extensive translation and adaptation

processes and administering it to a sample of 500 Malaysian

children aged between 18 and 48 months. The results showed

that the tool has excellent reliability, with its Cronbach’s α (0.91)

being higher than that of the original version of the M-CHAT-R/

F (0.79) (13). In addition, the high predictive values of sensitivity

(0.97) and specificity (0.94) and the cut-off scores of the

Malaysian M-CHAT-R/F were consistent with those found in the

initial validation study with American children (13) and other

adaptation studies with Indonesian (30), Chinese (24), and

Icelandic children (54). The presence of high sensitivity and

specificity values indicates that the Malaysian M-CHAT-R/F is

highly effective in detecting ASD characteristics and features

among children, and differentiating them from those who are

neurotypical, providing evidence of its efficacy as a screening

tool. In fact, more than 90% of the toddlers who screened

positive in the first stage of the Malaysian M-CHAT-R/F

continued to screen positive in the second stage. This finding

further showed that the Malaysian M-CHAT-R/F is a promising

screening tool that parents can self-administer without having to

attend a follow-up interview with nurses or other healthcare
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professionals. This would undoubtedly help reduce the time

spent in healthcare consultations and address the issue of the

lack of professional workforce (37, 38). On a side note, parents

and nurses commented the examples for each item of the

Malaysian M-CHAT-R/F gave a clearer idea and made it easier

to give a definite response. It is interesting that no study,

inclusive of the initial revised study by Robins et al. (13)

commented on the advantages of adding examples to the items

questioned.

To the best of our knowledge, this is the first study to

segregate the target age group into younger and older age

groups, while determining the sensitivity, specificity, and PPV

of the M-CHAT-R/F, as well as examine its validity.

According to the above-presented results, there were no

significant differences between the results obtained for the

younger (18–30 months) age group and older (31–48

months) age group. Our results also showed that the

Malaysian M-CHAT-R/F is effective for screening older

toddlers in Malaysia, similar to how the M-CHAT-R/F was

effective in screening older toddlers in Indonesia (30) and

Singapore (20). This is also the first study in Malaysia to

investigate the efficacy of a screening tool for older toddlers.

It is anticipated that having a screening tool with a larger

age range will reduce the strain of physicians and

practitioners and enhance the healthcare system, particularly

in Malaysia’s rural areas where healthcare services may not

be easily accessible.

Given that the prevalence of ASD differs across regions and

most validation studies have not reported the prevalence rate,

the PPV is often regarded as a validation measure. In

comparison to the PPV (50.9%) found in the initial validation

trial (13), this study showed a PPV of 53.3% in the current

sample. However, different M-CHAT-R/F validation studies

have presented different PPVs, with Sangare et al. (27)

reporting the highest PPV (100%) in Mali’s sample and Oner

and Munir (26) reporting the lowest PPV (8.6%) in Turkey’s

sample. Since the PPV heavily depends on the prevalence rate

(55), recruiting samples from healthcare settings where there

may be more toddlers with a higher likelihood of ASD than

the general population, may have resulted in bias and

contributed to the unstable data across studies (56). For

example, when the sample includes a higher proportion of

children with high likelihood of ASD, the PPV is higher.

Hence, studies that have recruited a large number of

participants from the general population have generally

reported a lower PPV than those that have recruited

participants solely from healthcare settings (26, 33). Since we

recruited samples from different settings and used a

population-based sample, the lower PPV in this study (53.3%)

would seem to be a realistic representation of the occurrence

of ASD in the Malaysian population. We also suggest that the

PPV should be used as an indicator of an instrument’s validity

only when the recruited samples closely resemble the general

population of the target region.

Interestingly, despite having a lower PPV and recruiting

samples from the general population, out of the 500 toddlers
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we recruited, 33 were diagnosed with ASD in clinical diagnostic

evaluations. The prevalence of ASD of the Malaysian sample

recruited in this study was then found to be 6.6%, which is

much higher than the prevalence in the United States (1.85%)

(7) and the global prevalence (approximately 0.62%) (8).

However, it is noteworthy that epidemiological studies on the

prevalence of ASD in the United States were conducted on

children aged eight years and not on young toddlers. Moreover,

given that this study was not an epidemiological study, the

prevalence rate it presents mainly serves as a guideline.

Nevertheless, as this study recruited participants from different

settings in Malaysia, the high prevalence among young toddlers

is concerning. In fact, we found that there are long waiting lists

(a minimum of 12 months) for a consultation slot for a child’s

developmental diagnosis at government hospitals. This

phenomenon may explain Lau et al.’s (36) finding that

approximately 50% of ASD cases in Malaysia are diagnosed

after the age of five. Therefore, future research to investigate

the prevalence of ASD using a representative sample of the

whole country is highly recommended.

This study holds great significance as it details how the

Malaysian M-CHAT-R/F was translated and culturally

adapted based on Tsang et al.’s (41) guidelines. Although the

website of the M-CHAT-R/F’s author has more than 40

translations (https://mchatscreen.com/mchat-rf/translations;

Retrieved 3rd October 2022), many of the translation and

adaptation studies have either not been published or most do

not explain the translation and adaptation processes.

According to a recent systematic review (18), translated

screening instruments may not be psychometrically equivalent

to the original instrument due to the language and cultural

differences. It has also been found that performing more

quality assurance measures during translation and adaptation

processes generally results in higher-quality instruments (57).

Hence, one of the most prominent strengths of this study is

that it highlights the importance of such steps and offers a

higher possibility of replication. Based on Tsang et al.’s (41)

guidelines, we invited professionals from relevant fields as

translators, formed an expert committee to resolve

discrepancies, and performed a preliminary pilot test before

conducting the main study. Although it is not fully data

driven, this study serves as a valuable guideline for future

translation and adaptation studies.

Furthermore, a notable aspect of this study is its effective

incorporation into community healthcare practices during the

data collection phase. The preliminary evaluation to identify

autism-related characteristics was made possible through the

participation of the physicians with relevant expertise from the

Ministry of Health Malaysia. The utilization of multiple

developmental screenings by these physicians during routine

healthcare visits enhanced the accuracy of both screening and

diagnosis results. In consequence, this approach facilitated the

detection of false negatives without the need for comprehensive

diagnostic evaluations, which would be impractical given the

limited availability of personnel and assessment resources. On

the other hand, with the additional step of administering
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clinical diagnostic evaluations, the true positive rate obtained is

presumed to be more reliable. As large-scale low-risk studies

often have limitations in assessing screen negative cases given

the constraints of conducting numerous evaluations within a

limited timeframe (24), the procedures implemented in this

study can be considered as an additional illustration to address

this issue.

Despite its utility, this study has some limitations. First, not

all recruited samples underwent full clinical diagnostic

evaluations where relevant ASD assessments were

administered. Although physicians were involved to

participate and administered preliminary assessment during

the routine health checks, true sensitivity and specificity

cannot be determined until all samples undergo the full

clinical diagnostic evaluations. Moreover, according to

previous studies (58, 59), high-functioning children with

milder developmental delays may be missed during screening

but later diagnosed with ASD. Hence, results from the present

findings should be interpreted with caution. Second, this

study focused only on the psychometric properties and

predictive value of the Malaysian M-CHAT-R/F in screening

toddlers for ASD, and not for any other developmental

disorders or delays. A handful of toddlers who had screened

negative were subsequently diagnosed with speech delay, but

this data was not reported or analyzed in this study.

Furthermore, due to practical limitations such as lack of

professional workforce, limited assessment tools and

restrictions in information obtained as part of Malaysia’s

national ethical practice, in-depth analysis could not be

performed. Hence, future research could investigate how the

Malaysian M-CHAT-R-/F scores would perform in relation to

other variables, such as parent’s social-economic statues, IQ

scores or other assessment test results. In addition, by

referring to Lau et al. (36), future studies may also evaluate

how the Malaysian M-CHAT-R/F would perform in

differentiating ASD from other developmental disorders.

Finally, given that Malaysia has several states and this study

only recruited samples from a single state, Selangor, the

results presented in this study might not be an accurate

representation of the whole population.
Conclusion

This study shows that the Malaysian M-CHAT-R/F has

relatively high sensitivity, specificity, and PPV in screening

Malaysian toddlers aged between 18 and 48 months for

ASD. Its results provide evidence of the M-CHAT-R/F as a

promising population-based screening tool. Moreover, the

translation and adaptation processes performed in this

study can serve as a guideline for similar future studies.

The efficacy of the Malaysian M-CHAT-R/F in screening a

larger age range of toddlers for ASD can ease toddlers’

transition from screening to diagnosis, and subsequently

enrolment in early interventions which would bring

significant positive outcomes.
frontiersin.org

https://mchatscreen.com/mchat-rf/translations
https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/


Han et al. 10.3389/frcha.2023.1221933
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by Institutional Review Board of the National University

of Malaysia (JEP-2021-871). Medical Review & Ethics Committee

of the Ministry of Health Malaysia (NMRR ID-22-00626-8LB).

Written informed consent to participate in this study was

provided by the participants’ legal guardian/next of kin.
Author contributions

YH, WS, and AA contributed to the conception and design of

the study. YH organized the database, performed the statistical
Frontiers in Child and Adolescent Psychiatry 11
analysis and wrote the manuscript. All authors contributed to the

article and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted

in the absence of any commercial or financial

relationships that could be construed as a potential conflict

of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the

editors and the reviewers. Any product that may be

evaluated in this article, or claim that may be made by

its manufacturer, is not guaranteed or endorsed by the

publisher.
References
1. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders: DSM-5. 5th ed. American Psychiatric Association (2013). doi: 10.1176/
appi.books.9780890425596

2. Wiggins LD, Rice CE, Barger B, Soke GN, Lee LC, Moody E, et al. DSM-5 criteria for
autism spectrum disorder maximizes diagnostic sensitivity and specificity in preschool
children. Soc Psychiatry Psychiatr Epidemiol. (2019) 54:693–701. doi: 10.1007/s00127-
019-01674-1

3. Christensen DL, Bilder DA, Zahorodny W, Pettygrove S, Durkin MS, Fitzgerald
RT, et al. Prevalence and characteristics of autism spectrum disorder among 4-year-
old children in the autism and developmental disabilities monitoring network.
J Dev Behav Pediatr. (2016) 37(1):1–8. doi: 10.1097/DBP.0000000000000235

4. Elsabbagh M, Divan G, Koh YJ, Kim YS, Kauchali S, Marcín C, et al. Global
prevalence of autism and other pervasive developmental disorders. Autism Res.
(2012) 5(3):160–79. doi: 10.1002/aur.239

5. Kassim ABM, Mohamed NH. The global prevalence and diagnosis of autism
spectrum disorder (asd) among young children. Southeast Asia Psychol J. (2019)
7:26–45. doi: 10.6084/m9.figshare.12082950

6. Kim YS, Leventhal BL, Koh Y-J, Fombonne E, Laska E, Lim E-C, et al. Prevalence
of autism spectrum disorders in a total population sample. Am J Psychiatry. (2011) 168
(9):904–12. doi: 10.1176/appi.ajp.2011.10101532

7. Maenner MJ, Shaw KA, Baio J, Washington A, Patrick M, DiRienzo M, et al.
Prevalence of autism spectrum disorder among children aged 8 years—autism and
developmental disabilities monitoring network, 11 sites, United States, 2016.
MMWR Surveill Summ. (2020) 69(4):1–12. doi: 10.15585/mmwr.ss6904a1

8. Redfield RR, Kent CK, Leahy MA, Martinroe JC, Spriggs SR, Yang T, et al.
Morbidity and mortality weekly report prevalence of autism spectrum disorder
among children aged 8 years-autism and developmental disabilities monitoring
network, 11 sites, United States, 2014 centers for disease control and
prevention MMWR editorial and production staff (Serials) MMWR editorial
board (2014).

9. Perkins DO, Jeffries CD, Addington J, Bearden CE, Cadenhead KS, Cannon TD,
et al. Towards a psychosis risk blood diagnostic for persons experiencing high-risk
symptoms: preliminary results from the NAPLS project. Schizophr Bull. (2015) 41
(2):419–28. doi: 10.1093/schbul/sbu099

10. Johnson CP, Myers SM. Identification and evaluation of children with autism
Spectrum disorders. Pediatrics. (2007) 120(5):1183–215. doi: 10.1542/peds.2007-2361

11. Gillis JM. Screening practices of family physicians and pediatricians in 2
southern states. Infants Young Child. (2009) 22(4):321–31. doi: 10.1097/IYC.
0b013e3181bc4e21

12. Marlow M, Servili C, Tomlinson M. A review of screening tools for the
identification of autism spectrum disorders and developmental delay in infants and
young children: recommendations for use in low- and middle-income countries.
Autism Res. (2019) 12(2):176–99. doi: 10.1002/aur.2033

13. Robins DL, Casagrande K, Barton M, Chen C-MA, Dumont-Mathieu T, Fein D.
Validation of the modified checklist for autism in toddlers, revised with follow-up (M-
CHAT-R/F). Pediatrics. (2014) 133(1):37–45. doi: 10.1542/peds.2013-1813

14. Barton ML, Dumont-Mathieu T, Fein D. Screening young children for autism
spectrum disorders in primary practice. J Autism Dev Disord. (2012) 42(6):1165–74.
doi: 10.1007/s10803-011-1343-5

15. Robins DL, Fein D, Barton ML, Green JA. The modified checklist for autism in
toddlers: an initial study investigating the early detection of autism and pervasive
developmental disorders. J Autism Dev Disord. (2001) 31(2):131–44. doi: 10.1023/
a:1010738829569

16. Swift A, Heale R, Twycross A. What are sensitivity and specificity? Evid Based
Nurs. (2020) 23(1):2–4. doi: 10.1136/ebnurs-2019-103225

17. Molinaro AM. Diagnostic tests: how to estimate the positive predictive value.
Neurooncol Pract. (2015) 2(4):162–6. doi: 10.1093/nop/npv030

18. Bevan SL, Liu J, Wallis KE, Pinto-Martin JA. Screening instruments for
developmental and behavioral concerns in pediatric hispanic populations in the
United States: a systematic literature review. J Dev Behav Pediatr. (2020) 41
(1):71–80. doi: 10.1097/DBP.0000000000000724

19. Inada N, Kamio Y, Koyama T. Developmental chronology of preverbal social
behaviors in infancy using the M-CHAT: baseline for early detection of atypical
social development. Res Autism Spectr Disord. (2010) 4(4):605–11. doi: 10.1016/j.
rasd.2009.12.003

20. Koh HC, Lim SH, Chan GJ, Lin MB, Lim HH, Choo SHT, et al. The clinical utility
of the modified checklist for autism in toddlers with high risk 18–48 month old children
in Singapore. J Autism Dev Disord. (2014) 44(2):405–16. doi: 10.1007/s10803-013-1880-
1

21. Wong V, Hui LHS, Lee WC, Leung LSJ, Ho PKP, Lau WLC, et al. A modified
screening tool for autism (checklist for autism in toddlers [CHAT-23]) for Chinese
children. Pediatrics. (2004) 114(2):166–76. doi: 10.1542/peds.114.2.e166

22. Brennan L, Fein D, Como A, Rathwell IC, Chen CM. Use of the modified
checklist for autism, revised with follow up-Albanian to screen for ASD in Albania.
J Autism Dev Disord. (2016) 46(11):3392–407. doi: 10.1007/s10803-016-2875-5

23. Carakovac M, Jovanovic J, Kalanj M, Rudic N, Aleksic-Hil O, Aleksic B, et al.
Serbian language version of the modified checklist for autism in toddlers, revised,
with follow-up: cross-cultural adaptation and assessment of reliability. Sci Rep.
(2016) 6(1):1–5. doi: 10.1038/srep38222

24. Guo C, Luo M, Wang X, Huang S, Meng Z, Shao J, et al. Reliability and validity
of the Chinese version of modified checklist for autism in toddlers, revised, with
frontiersin.org

https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1176/appi.books.9780890425596
https://doi.org/10.1007/s00127-019-01674-1
https://doi.org/10.1007/s00127-019-01674-1
https://doi.org/10.1097/DBP.0000000000000235
https://doi.org/10.1002/aur.239
https://doi.org/10.6084/m9.figshare.12082950
https://doi.org/10.1176/appi.ajp.2011.10101532
https://doi.org/10.15585/mmwr.ss6904a1
https://doi.org/10.1093/schbul/sbu099
https://doi.org/10.1542/peds.2007-2361
https://doi.org/10.1097/IYC.0b013e3181bc4e21
https://doi.org/10.1097/IYC.0b013e3181bc4e21
https://doi.org/10.1002/aur.2033
https://doi.org/10.1542/peds.2013-1813
https://doi.org/10.1007/s10803-011-1343-5
https://doi.org/10.1023/a:1010738829569
https://doi.org/10.1023/a:1010738829569
https://doi.org/10.1136/ebnurs-2019-103225
https://doi.org/10.1093/nop/npv030
https://doi.org/10.1097/DBP.0000000000000724
https://doi.org/10.1016/j.rasd.2009.12.003
https://doi.org/10.1016/j.rasd.2009.12.003
https://doi.org/10.1007/s10803-013-1880-1
https://doi.org/10.1007/s10803-013-1880-1
https://doi.org/10.1542/peds.114.2.e166
https://doi.org/10.1007/s10803-016-2875-5
https://doi.org/10.1038/srep38222
https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/


Han et al. 10.3389/frcha.2023.1221933
follow-up (M-CHAT-R/F). J Autism Dev Disord. (2019) 49(1):185–96. doi: 10.1007/
s10803-018-3682-y

25. Jonsdottir SL, Saemundsen E, Jonsson BG, Rafnsson V. Validation of the
modified checklist for autism in toddlers, revised with follow-up in a population
sample of 30-month-old children in Iceland: a prospective approach. J Autism Dev
Disord. (2021) 52:1507–22. doi: 10.1007/s10803-021-05053-1

26. Oner O, Munir KM. Modified checklist for autism in toddlers revised (MCHAT-
R/F) in an urban metropolitan sample of young children in Turkey. J Autism Dev
Disord. (2020) 50(9):3312–9. doi: 10.1007/s10803-019-04160-4

27. Sangare M, Toure HB, Toure A, Karembe A, Dolo H, Coulibaly YI, et al.
Validation of two parent-reported autism spectrum disorders screening tools M-
CHAT-R and SCQ in Bamako, Mali. ENeurologicalSci. (2019) 15:100188. doi: 10.
1016/j.ensci.2019.100188

28. DuBay M, Watson LR. Translation and cultural adaptation of parent-report
developmental assessments: improving rigor in methodology. Res Autism Spectr
Disord. (2019) 62:55–65. doi: 10.1016/j.rasd.2019.02.005

29. Coelho-Medeiros ME, Bronstein J, Aedo K, Pereira JA, Arraño V, Perez CA, et al.
M-chat-r/f validation as a screening tool for early detection in children with
autism spectrum disorder. Rev Chil Pediatr. (2019) 90(5):492–9. doi: 10.32641/rchped.
v90i5.703

30. Windiani IGAT, Soetjiningsih S, Adnyana IGAS, Lestari KA. Indonesian
modified checklist for autism in toddler, revised with follow-up (M-CHAT-R/F) for
autism screening in children at Sanglah General Hospital, Bali-Indonesia. Bali Med
J. (2016) 5(2):133. doi: 10.15562/bmj.v5i2.240

31. Soto S, Linas K, Jacobstein D, Biel M, Migdal T, Anthony BJ. A review of cultural
adaptations of screening tools for autism spectrum disorders. Autism. (2015) 19
(6):646–61. doi: 10.1177/1362361314541012

32. Tsai J-M, Lu L, Jeng S-F, Cheong P-L, Gau SS-F, Huang Y-H, et al. Validation of
the modified checklist for autism in toddlers, revised with follow-up in Taiwanese
toddlers. Res Dev Disabil. (2019) 85:205–16. doi: 10.1016/j.ridd.2018.11.011

33. Magán-Maganto M, Canal-Bedia R, Hernández-Fabián A, Bejarano-Martín Á,
Fernández-Álvarez CJ, Martínez-Velarte M, et al. Spanish cultural validation of the
modified checklist for autism in toddlers, revised. J Autism Dev Disord. (2020) 50:7.
doi: 10.1007/s10803-018-3777-5

34. Vorster C, Kritzinger A, Coetser LE, van der Linde J. Preliminary reliability of
South African adaptation and northern sotho translation of the modified checklist
for autism in toddlers, revised with follow-up. S Afr J Commun Disord. (2021) 68
(1):a831. doi: 10.4102/sajcd.v68i1.831

35. Ali G-C, Ryan G, De Silva MJ. Validated screening tools for common mental
disorders in low and middle income countries: a systematic review. PLoS One.
(2016) 11(6):e0156939. doi: 10.1371/journal.pone.0156939

36. Lau DSC, Ismail J, Latiff Z, Raja Lope RJ. The use of modified checklist for
autism in toddlers (malay version) in differentiating between autism spectrum
disorders and other developmental behavioural disorders. Malaysian J Paediat Child
Health. (2019) 25(1):6–12. doi: 10.51407/mjpch.v25i1.39

37. Dolah J, Yahaya W, Chong T. A preliminary investigation: potential of interactive
multimedia learning awareness (IMLA) in enhancing awareness of autistic characteristics
among parents and society in Malaysia. J Comput Sci Inf Technol. (2011) 3(1):19–25.

38. Ilias K, Liaw JHJ, Cornish K, Park MSA, Golden KJ. Wellbeing of mothers of
children with “A-U-T-I-S-M” in Malaysia: an interpretative phenomenological analysis
study. J Intellect Dev Disabil. (2017) 42(1):74–89. doi: 10.3109/13668250.2016.1196657

39. Robins DL. Screening for autism spectrum disorders in primary care settings.
Autism. (2008) 12(5):537–56. doi: 10.1177/1362361308094502
Frontiers in Child and Adolescent Psychiatry 12
40. Bahagian Pembangunan Kesihatan Keluarga. Rekod kesihatan bayi dan kanak-
kanak (0-6 tahun). Ministry of Health. (2015) 53(9):1689–99.

41. Tsang S, Royse C, Terkawi A. Guidelines for developing, translating, and
validating a questionnaire in perioperative and pain medicine. Saudi J Anaesth.
(2017) 11(5):80–9. doi: 10.4103/sja.SJA_203_17

42. Ministry of Economy Malaysia. Household income, poverty and household
expenditure (2023).

43. Krejcie RV, Morgan DW. Determining sample size for research activities. Educ
Psychol Meas. (1970) 30(3):607–10. doi: 10.1177/001316447003000308

44. Bell ML, Kenward MG, Fairclough DL, Horton NJ. Differential dropout and bias
in randomised controlled trials: when it matters and when it may not. Br Med J. (2013)
346:e8668. doi: 10.1136/bmj.e8668

45. Squires J, Bricker D. Ages and stages questionnaire (ASQ): A parent completed
child monitoring system. 3rd ed. Towson, MD: Brooks Publishing Company (2009).

46. Bellman MH, Lingam S, Aukett A. Schedule of growing skills II: Reference
manual. Berkshire: NFER Nelson Publishing Company Ltd (1996).

47. Bayley N. Bayley scales of infant and toddler development, administration
manual. 3rd ed. New York, NY: Harcourt (2006).

48. Lord C, Luyster RJ, Gotham K, Guthrie W. Autism diagnostic observation
schedule, second edition (ADOS-2) manual (part II): Toddler module. Torrance, CA:
Western Psychological Services (2012).

49. Wechsler D. The wechsler preschool and primary scale of intelligence, third
edition (WPPSI-III). New York, NY: The Psychological Corporation (2002).

50. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. Mahwah:
Lawrence Earlbaum Associates (1998).

51. George D, Mallery P. SPSS For windows step by step: A simple guide and
reference, 11.0 update. Boston, MA: Allyn and Bacon (2003). p. 386.

52. Clark LA, Watson D. Clark_validity_scaledevelopment. Psychol Assess. (1995) 7
(3):309–19. doi: 10.1037/1040-3590.7.3.309

53. Swets JA. Signal detection theory and ROC analysis in psychology and diagnostics:
Collected papers. 1st ed. Mahwah: Psychology Press (1996).

54. Jonsdottir SL, Saemundsen E, Gudmundsdottir S, Haraldsdottir GS, Palsdottir
AH, Rafnsson V. Implementing an early detection program for autism in primary
healthcare: screening, education of healthcare professionals, referrals for diagnostic
evaluation, and early intervention. Res Autism Spectr Disord. (2020) 77:101616.
doi: 10.1016/j.rasd.2020.101616

55. Hedley D, Young R, Angelica M, Gallegos J, Marcin Salazar C. Cross-cultural
evaluation of the autism detection in early childhood (ADEC) in Mexico. Autism.
(2010) 14(2):93–112. doi: 10.1177/1362361309347676

56. Matson JL, Kozlowski AM. The increasing prevalence of autism spectrum
disorders. Res Autism Spectr Disord. (2011) 5(1):418–25. doi: 10.1016/j.rasd.2010.06.004

57. Acquadro C, Conway K, Hareendran A, Aaronson N. Literature review of
methods to translate health-related quality of life questionnaires for use in
multinational clinical trials. Value Health. (2008) 11(3):509–21. doi: 10.1111/j.1524-
4733.2007.00292.x

58. Eaves LC, Wingert H, Ho HH. Screening for autism. Autism. (2006) 10:3.
doi: 10.1177/1362361306063288

59. Stenberg N, Bresnahan M, Gunnes N, Hirtz D, Hornig M, Lie KK, et al.
Identifying children with autism spectrum disorder at 18 months in a general
population sample. Paediatr Perinat Epidemiol. (2014) 28(3):255–62. doi: 10.1111/ppe.
12114
frontiersin.org

https://doi.org/10.1007/s10803-018-3682-y
https://doi.org/10.1007/s10803-018-3682-y
https://doi.org/10.1007/s10803-021-05053-1
https://doi.org/10.1007/s10803-019-04160-4
https://doi.org/10.1016/j.ensci.2019.100188
https://doi.org/10.1016/j.ensci.2019.100188
https://doi.org/10.1016/j.rasd.2019.02.005
https://doi.org/10.32641/rchped.v90i5.703
https://doi.org/10.32641/rchped.v90i5.703
https://doi.org/10.15562/bmj.v5i2.240
https://doi.org/10.1177/1362361314541012
https://doi.org/10.1016/j.ridd.2018.11.011
https://doi.org/10.1007/s10803-018-3777-5
https://doi.org/10.4102/sajcd.v68i1.831
https://doi.org/10.1371/journal.pone.0156939
https://doi.org/10.51407/mjpch.v25i1.39
https://doi.org/10.3109/13668250.2016.1196657
https://doi.org/10.1177/1362361308094502
https://doi.org/10.4103/sja.SJA_203_17
https://doi.org/10.1177/001316447003000308
https://doi.org/10.1136/bmj.e8668
https://doi.org/10.1037/1040-3590.7.3.309
https://doi.org/10.1016/j.rasd.2020.101616
https://doi.org/10.1177/1362361309347676
https://doi.org/10.1016/j.rasd.2010.06.004
https://doi.org/10.1111/j.1524-4733.2007.00292.x
https://doi.org/10.1111/j.1524-4733.2007.00292.x
https://doi.org/10.1177/1362361306063288
https://doi.org/10.1111/ppe.12114
https://doi.org/10.1111/ppe.12114
https://doi.org/10.3389/frcha.2023.1221933
https://www.frontiersin.org/journals/child-and-adolescent-psychiatry
https://www.frontiersin.org/

	Validating the Malaysian modified checklist for autism in toddlers, revised with follow-up (M-CHAT-R/F): a cross-cultural adaptation
	Introduction
	Methods
	Study design and settings
	Participants
	Measures
	The Malaysian M-CHAT-R/F
	Clinical assessments

	Procedures
	Statistical analysis
	Community involvement statement

	Results
	Descriptive statistic
	Reliability
	Screening outcomes
	Prevalence of ASD
	Validity of the Malaysian M-CHAT-R/F
	Optimal cut-off score of the Malaysian M-CHAT-R/F

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


