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Validation of theHindi Versionsof ThreeAutism Specific Screening Tools(M-CHAT-
R/F, RBSK-ASQ and TABC) Widely Used in Indiain 16-30-M onth-Old Children
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ABSTRACT

Obj ective: To determinethe diagnostic accuracy of MCHAT-R/F, RBSK-ASQ and TABC for screening children aged 16 to 30 months
for autism spectrum disorder (ASD).

Method: Children aged 16 to 30 months were recruited from the pediatrics department. Those with known neurodevelopmental
disorders, disabilities, severemedical illnesses, unavailable mothers, or lack of maternal understanding of Hindi, were excluded. The
threeindex toolsweretrand ated into Hindi; each tool was piloted on 25 mothers and modified accordingly. Theresearcher wastrained
inadministration, scoring and interpretation of thethreetools. After enrollment theindex toolsand Devel opmental Profile (DP-3) were
administered to each participant. The reference tool was a comprehensive assessment by experts that included clinical evaluation,
computation of DP-3 scores, and application of diagnostic criteriaof ASD; thefinal diagnosisbeing ASD or Non-ASD.

Results: Sensitivity and specificity of M-CHAT-R/F were 95.2% and 94.4%, of RBSK-A SQ were 100% and 93.9%, and of TABC were
100% and 94.4%, respectively. Convergent validity was high (Spearman’s correlation coefficient 0.98). Test-retest and inter-rater
reliability of each tool wasexcellent (Intra-class correl ation coefficient 1.00).

Conclusion: All threetoolshad acceptable psychometric properties, high convergent validity and excellent test-retest and inter-rater

reliability.
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INTRODUCTION

Autism spectrum disorder (ASD) is a common neuro-
developmental disorder of childhood characterized by
difficulties in social communication and socia inter-
action, and the presence of restricted and repetitive
patterns of behaviors, interests, and activities [1]. A
community-based study from Indiareported aprevalence
of 0.8-1.3%in children aged 2-9 years[2]. Manifestations
may be so subtle in the early years that they fail to dlicit
serious concerns in caregivers and are disregarded as
‘shyness’ typically associated with young children. Early
detection is low unless actively sought by using ASD-
specific screening tools. Screen positive children
identified as‘ at highrisk for ASD’ warrant further in-depth
evaluation. If ASD gets diagnosed subsequently, timely
holisticintervention trandatesinto better outcomes. Thus,
ASD isapublic health problem that requires ‘ universal’
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screening i.e., it should be done for al children, even if
they appear to be devel oping typically.

Screening for aspecific disorder like ASD requiresthe
administration of a narrow band screening tool with
‘acceptable’ psychometric properties. This has been
defined asacombined sensitivity and specificity of >70%
in the intended population [3]. Lower sensitivity means
children with ASD will be missed; whereas lower
specificity would result in misdiagnoseswith unwarranted
parental stress and expenditure. A systemic review on
suitable screening toolsfor devel opmental delay and ASD
for low- and middle-income countries (LMIC) identified
certain optimal featuresfor ASD specific tools [4] which
include under 30 minutes needed to administer, easily
accessible, free or inexpensive, suitable for use by
community health workers (CHW) or para-professionals
without requiring extensivetraining, and successful usein
at least one LMIC. Only three of the 34 tools in use
globally that were reviewed, satisfied these criteria [4],
viz., Modified Checklist for Autism in Toddlers, Revised
with Follow-up (M-CHAT-R/F) [5]; Pictorial Autism
Assessment Schedule (PAAS), and Three Item Direct
Observation Screen (TIDOS).
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The2016 UNICEF model on devel opmental screening
statesthat a country should usetool s appropriate for their
needs and population [6]. Indian Academy of Pediatrics
(IAP) advisesuniversal screening for ASD at 18 and 24/30
months along with developmental screening [7,8], and
recommends M-CHAT-R/F [5], Trivandrum Autism
Behavioural Checklist (TABC)[9], and Social Communi-
cation Questionnaire (SCQ). Rashtriya Bal Swasthya
Karyakram (RBSK), an initiative of the Government of
Indiato screen for diseases, deficiencies, defects at birth
and developmental disabilities in children uses RBSK—
Autism Specific Questionnaire (RBSK-ASQ) to screenfor
Autismacrossindia[10]. PAASand TIDOSaregenerally
notusedin India

DiaGNosTICAccURACY oF M-CHAT-R/F, RBSK-ASQAND TABC

MCHAT-R/F is used for toddlers between 16 and 30
months of age. It can be administered by parents (with
education level > 6th standard) or service providers.
Though translated into several Indian languages, these
versionsare neither culturally adapted, nor validated [ 11].
Thetool isprimarily used by pediatricians and has gained
popularity after IAP NURTURE started training pedia-
tricians to administer it at the age-appropriate well child
visits [12]. TABC is an indigenous tool available in
Malayalam and English and used by CHW in Keralafor
children aged 2 to 6 years [9]. The RBSK-ASQ has two
versionsfor usein children aged 15-18 and 18-24 months.
TheEnglishformat isavailableinthe public domain[10],
but translations are being used locally. SCQ hasnot been

Eligible mother and child dyads opportunistically recruited (n = 224)

S

Children excluded (n = 24)
Neurodevelopment disorders 5
Mother unavailable 10

Mother did not understand Hindi 3

evere medical illness 6

Study population enrolled after written informed consent (z = 200)

|

Filling of CRF and administration of index tools by trained researcher (n = 200)

l

l

l

MCHAT-RF
Positive: 29 (14.5%)
Negative: 171 (85.5%)

RBSK-ASQ
Positive: 32 (16%)
Negative: 168 (84%)

TABC
Positive: 31(15.5%)
Negative: 169 (84.5%)

l

l

l

Administration of reference tool by experts (n = 200)

|

Interpretation of Developmental Profile 3: Delay 31 (15.5%)/ No Delay 169 (84.5%)
DSM-35 Diagnostic criteria for ASD: ASD 21 (10.5%) /No ASD 179 (89.5%)
Comprehensive assessment: ASD 21 (10.5%) /No ASD 179 (89.5%)

l

Statistical analysis and computation of diagnostic accuracy, validity and reliability

ASD Autism spectrum disorder, CRF case recording form, DSM-5 Diagnostic and Statistical Manual of Mental Disorders, 5th edition,
MCHAT-R/F Modified Checklist for Autism in Toddlers, Revised/ Follow-up, RBSK-ASQ Rashtriya Bal Swasthya Karyakram - Autism
Specific Questionnaire, TABC Trivandrum Autism Behavioural Checklist

Fig. 1 Flow of participantsfrom recruitment, through enrollment, administration of index toolsand referencetool to statistical analysis
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translated, adapted or validated for Indian settings.
Additional drawbacks are expense, copyright issues, and
restricted use by professionalswho do not usually comein
contact with typically devel oping children.

A critical research lacuna identified on applying the
LMIC parametersto three commonly used tools(Tablel)
was the lack of robust scientific literature pertaining to
validation. Thus, we aimed to determine the diagnostic
accuracy of Hindi versions of M-CHAT-R/F, TABC, and
RBSK-ASQ for screening children aged 16 to 30 months
for ASD.

METHODS

A hospital-based study of diagnostic accuracy was
conducted over 18 months (January 2021 to June 2022)
after obtaining approval from the Institutional Ethics
Committee. In the preliminary phase we trandated the
index tools (M-CHAT-R/F, TABC and RBSK-ASQ) into
Hindi after obtaining permission from the competent
authoritiesfor each tool. The standard WHO protocol was
used involving adaptation, trandation and back-
tranglation by language and subject experts [13]. The
following modifications were made by group consensus
ensuring maintenance of context (i.e. no change in face
validity): thelanguage of M-CHAT-R/F was made simpler
than the Hindi version available on the website, and
culturally acceptable examples were included (i.e.,
vacuum cleaner replaced by whistle of apressure cooker).
We used the provider completed format rather than the
parent completed one, as developmental awareness of
caregivers from LMIC is not considered optimal,
irrespective of educational level [4]. No changes were
required in RBSK-ASQ or TABC. Thetoolswere piloted

29

on 25 mothers to identify the possible difficulties in
maternal understanding and/or i ssuesin administration of
thetoolsby theresearcher. Noissueswereidentified with
M-CHAT-R/F or RBSK-ASQ, but it was observed that
understanding and ease of administration improved on
converting thephrasesof TABC into questions. TABC was
administered to adifferent set of 25 motherswithin aweek
intherevised format, and no difficultieswere detected.

The researcher was trained to administer, score and
interpret each index tool as per the operational guidelines,
until deemed competent by the experts. In M-CHAT-R/F
(comprising of 20 questions) atypical behaviorsare scored
“1'and typical behaviors*'Q'. A childisconsidered ‘at low
risk’, ‘at mediumrisk’ and‘at highrisk’ if thetotal scoreis
0-2,3-7,and 8-20, respectively [11]. Inthe 20-item TABC,
symptoms are organized into four domains. socia
interaction, communication, behavioral characteristics,
and sensory integration. Scoring isbased on frequency by
aLikert scae: never 1, sometimes2, often 3, and, always4.
A childisconsidered ‘non-autistic’ if thetotal scoreis20-
35; ‘mildautistic’ if 36-43, and ‘ severeautistic’ if >44[9].
Both the RBSK-A SQ versions have three questions with
dichotomous answers (Yes/No). For the purpose of the
study, a child was considered screen positive for ASD
based on satisfaction of the standard operating procedure
for each tool: M-CHAT R/F-‘at highrisk’, or persistence
of ‘at mediumrisk’ on re-eval uation after amonth; TABC -
total score > 35, and; RBSK-ASQ - if the response was
‘no’ foritems1and 2, and ‘yes foritem 3 (15-18 months
format); and‘no’ foritems1and 3, and‘yes foritem2 (18-
24 monthsformat) [10].

The reference tool was a comprehensive assessment
for ASD based on history, clinical evauation and

Tablel Psychometric Propertiesof M odified Checklist for Autismin Toddlers, Revised with Follow-up, RastriyaBal Swasthya
Karyakram —Autism Specific Questionnair e, and Trivandrum Autism Behavioral Checklist

Psychometric properties

M-CHAT-R/F

RBK-ASQ

TABC

Sensitivity (%) (95%Cl)

Specificity (%) (95%Cl)

Positive Predictive Value (%) (95% CI)
Negative Predictive Value (%) (95% Cl)
Positive Likelihood Ratio (95% CI)
Negative Likelihood Ratio (95% Cl)
Convergent Validity (SCC)

Test-retest Reliability (ICC)

Inter-rater Reliability (1CC)

95.2(77.3,99.2)
94.4(90.0, 96.9)
66.7 (48.9, 80.8)
99.4(90.4, 96.9)
17.1(13.9, 20.8)
0.05(0.01, 0.4)
0.9

0.9

0.9

100 (84.5, 100)
93.9(89.3, 96.5)
65.6 (48.3, 79.6)
100 (97.8, 100)
16.3(13.6, 19.5)
0

1.00

1.00

1.00

100 (84.5, 100)
94.4(90.0, 96.9)
67.4(50.1, 81.4)

100 (97.8, 100)
17.9(14.7, 21.8)

0
1.00
1.00
1.00

Cl Confidenceinterval, ICC Intra-class correlation coefficient, M-CHAT-R/F Modified Checklist for Autismin Toddlers, Revised with Follow-up,
RBK-ASQ Rashtriya Bal Swvasthya Karyakram-Autism Specific Questionnaire, SCC Spearman Correlation Coefficient, TABC Trivandrum Autism

Behavioural Checklist

Note: Cronbach’s alpha was the reliability coefficient used to express ICC and SCC
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30 DiaGNosTICAccURACY oF M-CHAT-R/F, RBSK-ASQAND TABC

observation, assessment of developmental status by
‘Developmenta Profile, 3rd edition’ (DP-3) [14] and,
application of Diagnostic and Statistical Manual of Mental
Disorders, 5th edition (DSM-5) diagnostic criteria for
ASD. Thesecriteriaare considered fulfilled when all three
deficitsin social communication (A); at least 2 of 4 criteria
of repetitive behaviors, activities or interests (B); and
criteriaC (since early developmental period), D (causing
significant functional impairment), and E (not better
explained by other conditions) are present [1]. DP-3
assesses acquisition of skills in five developmental
domains (physical, socio-emotional, communication,
cognition, and adaptive behavior) on the basis of which
domain-wise standard scores (SS) and an overall General
Developmental Score (GDS) arecomputed; ineither <70
isconsidered as‘ delay’. The study definition of ASD wasa
clinical diagnosis ascertained by expert evaluation based
onthecomprehensive assessment. | n children < 24 months
if the DSM-5 criteria were not satisfied, delay or
dissociation in social-emotional and communication
domains compared to the other domains was considered
diagnostic.

The study population included children aged 16 to 30
months who were opportunistically recruited from the
pediatric outpatient (i.e. those presenting with minor
illnesses or coming for immunization) and inpatient
departments (at discharge). Children with known neuro-
developmental disorder/ disability, any severe medical
illness, absence of mothers, or lack of maternal under-
standing of Hindi were excluded. We cal culated asample
size of 200, assuming 10% prevalence of children ‘at risk
of ASD’, sensitivity and specificity of M-CHAT-R/F of
50% [ 15] and 80% [ 16] respectively (asreportedin earlier
validation studiesfrom LMIC), 5% a phaerror, and power
of 80%[17].

Each eligible child underwent evaluation after
obtaining written informed consent from the mother.
Relevant study specific demographic and clinical details
were documented. Theresearcher administered each index
tool to the mother in no particular sequence followed by
items of DP-3 (without scoring). The comprehensive
assessment was performed by neurodevelopmental
expertswith 15-20 years of experiencewithinaweek. This
included parenta interview, observation of the child,
review of videos of play, social interaction and repetitive
activitiesat home (which the parentswere asked to make at
enrollment), computation of SS and GDS from the DP-3
records, and application of the DSM-5 diagnostic criteria
for ASD. Administration of theindex toolswere repeated
by the researcher in 20 mother-child dyads (10% sample
size), and by the expert in 20 different mothers, selected as
per convenience both within aweek of initial screening.

INDIAN PEDIATRICS

Satistical Analysis: Weused Statistical packagefor social
science (SPSS) software version 28. Parameters of
diagnostic accuracy (sensitivity, specificity, positive and
negative predictivevalue, positiveand negativelikelihood
ratio), convergent validity (using spearman correlation
coefficient), test-retest and inter-rater reliability (by intra-
classcorrel ation coefficient) were computed.

RESULTS

We assessed 224 children out of which 24 were excluded
and 200 were enrolled as depicted in Fig. 1. The mean
(SD) age of the study population was 22.7 (4.2) months;
with boy to girl ratio of 1.2:1. Most children belonged to
the lower middle (50%) and upper lower (35.5%)
socioeconomic class as per modified Kuppuswamy
classification. Clinical pallor was detected in 112 (56%),
wasting in 29 (14.5%), underweight in 16 (8%), and
stunting in 25 (12.5%) children.

The number of children who screened positive
according to M-CHAT-R/F, RBSK and TABC were 29
(14.5%), 32 (16%) and 31 (15.5%), respectively. Thirty
one (15.5%) children had delay asper DP-3 GDS. Twenty
one (10.5%) children were diagnosed asA SD based onthe
DSM-5criteria. Theseincluded 13 boysand 8 girls, all of
whom werelow functioning (GDS < 70). Wedid not find
any child < 24 monthswho failed to satisfy the criteriafor
ASD, but exhibited delay or dissociation in the
socioemotional and communication domains of DP-3.
Comprehensive assessment yielded ASD in 21 (10.5%)
children while 179 children (89.5%) did not have ASD.
The parameters of diagnostic accuracy, and correlation
coefficients for convergent validity and reliability are
giveninTablel.

DISCUSSION

We conducted this study to assessthe diagnostic accuracy
of theHindi versionsof M-CHAT-R/F, TABC, and RBSK -
ASQ. Though M-CHAT-R/F reports acceptabl e sensitivity
and specificity in high income countries (HIC) and some
LMIC [15,16], there was no published research from
India. Theprimary validation of the Malayalam version of
TABC was conducted in 2-6-year-old children from
Kerala[9]. However, its accuracy in children less than 2
years (and hencethefirst screening age of 18 months) was
undetermined. RBSK-ASQ had never been validated.

A sensitivity and specificity of >70%isconsidered to
be an acceptabl etrade off when it comesto the diagnostic
accuracy of any developmental or ASD specific screening
tool for young children. That equatesto arealistic but fair
balance between children incorrectly identified as false
positive or false negative ASD. However, children who
are screen positive but eventually get an aternative
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WHAT THIS STUDY ADDS?
¢ The overall sensitivity and specificity of Hindi versions of M-CHAT-R/F was 95.2% and 94.4%; TABC was 100%
and 94.4% and RBSK- ASQ was 100% and 93.9%, respectively.
< All three tools had high convergent validity and excellent test-retest and inter-rater reliability.
« Hindiversions of M-CHAT-R/F and RBSK-ASQ satisfy the suitability criteria for screening tools for ASD in LMIC.

diagnosis benefit from the in-depth evauation,
establishment of diagnosis, and appropriate intervention.
Thestrategy of administering asecond screening at 24/30
monthsincreasesthelikelihood of identification of ASD, if
thediagnosiswasmissed at first.

All the three tools had acceptable psychometric
properties. We performed an exhaustive literature search
to compare our results with validation studies in
comparable populationsoriginating from LMIC. Thosein
whichthereferencetool used wasnot suitable(i.e., another
screening tool used instead of a diagnostic tool or
comprehensive assessment) were excluded. Only three
papers were found; two for M-CHAT-R/F and one for
TABC. The first was a hospital-based study of 110
apparently typically devel oping Indonesian children aged
18 to 24 months [18]. The reference tool was DSM-5
criteriaand the sensitivity and specificity were88.9% and
94.6%, respectively. The second was acommunity-based
study of 6,712 asymptomatic children between 16-36
months from Turkey [19]. A combination of DSM-5
criteriaand Autism Diagnosti c Observation Schedulewas
used asthereferencetool, and 100% sensitivity and 67%
specificity was demonstrated. TABC was recently
validated against Childhood A utism Rating Scale, second
edition (CARS2) in 65 children aged 2 to 6 years with
suspected autism [20]. The psychometric propertieswere:

sensitivity 96.3%; specificity 81.6%; positive predictive
value 78.8%; negative predictive value 96.8%; positive
likelihood ratio 5.22; and negativelikelihood ratio 0.045.

The high convergent validity of al three tools
reiterates the similarity of content with the clinical
construct of ASD, evenintheearly stages. Tsai et al found
moderate correlation (r 0.63) inthe convergent validity of
M-CHAT-R/Fwith Childhood Behaviour Checklistin1.5-
to 5-year-old children from Taiwan [21], probably because
thelatter evaluatesnon-ASD behaviorsaswell. Both test-
retest and inter-rater reliability were excellent in our study.
Studies of test-retest reliability from Serbia and China
reported good correlation, 0.81 and 0.76, respectively
[22,23]. We were unable to find research on inter-rater
reliability from LMIC. Comparable data for TABC and
RBSK-ASQ were unavailable. Taking everything into
consideration, M-CHAT-R/F and RBSK-ASQ satisfy the
suitability criteria for ASD specific screening tool in
LMIC (Tablell). Though M-CHAT-R/Fisnot being used
by CHW or para-professionals, it can be administered by
anyone with an educational level of higher than sixth
standard and extensivetrainingisnot required.

Thediagnosisof ASD isclinical based on observation
of the behavioral and developmental phenotype. We used
comprehensive assessment asthe gold standard that would

Tablell Comparison of Index Toolsasper for Suitability Criteriafor ASD Specific Screening Toolsin L ow- and Middle-lncome

Countries(LMIC)

Parameters RBK-AQ M-CHAT-R/F TABC
Timetaken 3-5min 3-5min 3-5min
Cost Free Free Free
Availability Online[10] Online[11] CDC, Trivandrum
Administrating personnel RBSK team Pediatricians/ clinical CHW
psychologists?
Areaswhere used India India& few LMIC OnlyinKerala, India
Psychometric properties (primary Not done Sensitivity 66.7.% & Sensitivity 80% &
validation study) Specificity 99.5%[5] Specificity 91.1%[9]
Validation in Indian population Not done Unavailable Community based study inKerala

ASD Autism spectrum disorder, CDC Child Development Clinic, CHW Community Health Workers, LMIC Low and Middle Income Countries, M-
CHAT-R/F Modified Checklist for Autismin Toddlers, Revised with Follow-up, RBSK-ASQ Rashtriya Bal Swasthya Karyakram- Autism Specific

Questionnaire, TABC Trivandrum Autism Behavioural Checklist

Note: 2As per the LMIC suitability criteria, thetool can be administered by a CHW or a para-professional
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also besuitablefor children aged 16 to 30 months. Though
DSM-5 criteriahave not set any basal agefor application,
it iswell recognized that identifying autistic features in
younger children is more challenging compared to older
ones. Indirect evidence can beinferred from thelower age
limitsset for standard diagnostic toolsfor ASD; two years
for CARS-2, 18 months for Autism Diagnostic
Observation Schedule, and four years for Autism
Diagnostic Interview-Revised. Therefore, examination of
the developmental profile was included for children
between 16 and 24 months, apriori, in caseany childfailed
to satisfy the DSM5 criteria (though all of them did).
Double blinding of DP-3 was not possible dueto logistic
issues. Though the items of DP-3 were asked by the
researcher who administered the index tools, we tried to
minimize biasby scoring and interpreting the responsesby
the experts afterwards. The possible respondent bias that
may have arisen due to the hospital-based setting was
aleviated by the strategy used for recruitment i.e.
including stable children whose motherswereinterestedin
their children benefitting from universal screening and
developmental assessment, and therefore considered
reliable. Thefact that the sequence of administration of the
toolswas not randomized may be considered alimitation
dueto possibleinformation bias.

Our study provides robust scientific evidence to
support the use of Hindi trandlations of three popular tools
used for screening Indian childrenfor ASD at 18 and 24/30
months. This means expanding the coverage of screening
toalarger populationi.e. Hindi speaking respondents, by
cadres of health care personnel who routinely come into
contact with apparently typically developing young
children. Each tool is easy to administer, score and
interpret, and requires minimal training. Successful
community-based administration of RBSK-ASQ by
paraprofessionals, TABC by CHW and M-CHAT-R/F by
nursing staff [24, 25] dispels the mistaken belief that
screening should berestricted to medical professionals.

The next logica step would be to conduct a
multicentric, community-based validation study of these
toolsinsimilar populations using appropriately transl ated
versions, and administered by CHW or para-professionals.
If found acceptable, competent authorities may consider
incorporation into the curriculum and pre-servicetraining
of all concerned genres of health personnel, and we may
find ourselves closer to the ultimate goal of universal
screening.

Ethics clearance: Institutional Ethics Committee, Lady
Hardinge Medical College New Delhi; No. LHMC/IEC/Thesis/
2019/95, dated Oct 28, 2019.
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