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Meta-analysis of the Modified
Checklist for Autism in Toddlers,
Revised/Follow-up for Screening

Ramkumar Aishworiya, MMed,**¢ Van Kim Ma, MD,*>“ Susan Stewart, PhD,* Randi Hagerman, MD ¢
Heidi M. Feldman, MD, PhDf

conTexT: The Modified Checklist for Autism in Toddlers, Revised with Follow-up (M-CHAT-R/F)
is used worldwide to screen for autism spectrum disorder (ASD).

oBJECTIVE: To calculate psychometric properties of the M-CHAT-R/F for subsequent diagnosis of
ASD.

DATA SOURCES: Systematic searches of Medline, Embase, SCOPUS, and Trip Pro databases from
January 2014 to November 2021.

STUDY SELECTION: Studies were included if they (1) used the M-CHAT-R/F (2) applied standard
scoring protocol, (3) used a diagnostic assessment for ASD, and (4) reported at least 1
psychometric property of the M-CHAT-R/F.

DATA EXTRACTION: Two independent reviewers completed screening, full-text review, data
extraction, and quality assessment, following Preferred Reporting Items for Systematic
Reviews and Meta-analyses guidelines. A random-effects model was used to derive pooled
estimates and assess for between-study heterogeneity.

RresuLts: Of 667 studies identified, 15 with 18 distinct samples from 10 countries (49 841
children) were used in the meta-analysis. Pooled positive predictive value (PPV), was 57.7%
(95% confidence interval [CI] 48.6-66.8, 7> = 0.031). PPV was higher among high-risk (75.6%
[95% CI 66.0-85.2]) than low-risk samples (51.2% [95% CI 43.0-59.5]). Pooled negative
predictive value was 72.5% (95% CI 62.5-82.4 t* = 0.031), sensitivity was 82.6% (95% CI
76.2-88.9) and specificity 45.7% (95% CI 25.0-66.4).

uimiTations: Negative predictive value, sensitivity, and specificity were calculated based on small
sample sizes because of limited or no evaluation of screen-negative children.

concLusions: These results support use of the M-CHAT-R/F as a screening tool for ASD.
Caregiver counseling regarding likelihood of an ASD diagnosis after positive screen should
acknowledge the moderate PPV.
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Autism spectrum disorder (ASD) is a
neurodevelopmental disorder
characterized by impairments in social
communication, and restricted,
repetitive patterns of behavior." The
prevalence rate of ASD is estimated to
be 1.0% globally (median value, range
0.01% to 4.4% in a recent systematic
review of studies since 2012) and
2.3% in the United States.”
Behavioral intervention initiated
before 24 months of age has been
shown to improve cognitive and
adaptive functioning more than
intervention initiated later in life.*"®
One of the focal points of research has
been on developing effective screening
tools to make the diagnosis of ASD at
the youngest possible age, in tandem
with the drive toward earlier
initiation of appropriate therapeutic
and educational services. In line with
these priorities, the American
Academy of Pediatrics advocates for
routine ASD screening in children
ages 18 and 24 months’ given the
superior effectiveness of early
behavioral therapy and the accuracy
and diagnostic stability of ASD

diagnosis as early as 18 months.'*1?

Among the available screening tools,
the Modified Checklist for Autism in
Toddlers, Revised with Follow-Up
(M-CHAT-R/F) has been one of the
most studied and implemented
screening tools.>** It has been
translated into 58 different languages
and dialects. It has been recommended
as a screening tool by several national
guidelines, especially for children at
high-risk of autism, based on its high
sensitivity in the original sample and
the ease of administration.”*>!¢ The
M-CHAT-R/F is a 2-stage parent-report
screening tool for ASD'” designed for
use in children ages 16 to 30 months.
In the norming sample, sensitivity was
reported to be 0.83 to 0.85, specificity
0.95 to 0.99 and positive predictive
value (PPV) was 0.465."7 The
M-CHAT-R/F reported a lower false
positive rate compared with its
predecessor, the Modified Checklist for

Autism in Toddlers with Follow-Up
(M-CHAT/F)*® and has replaced the
older version as the preferrable
screening instrument.

Given the widespread use of the
M-CHAT-R/F as a screening
instrument for ASD around the globe,
it is imperative to understand its
psychometric properties beyond the
original validation study and to
determine if the M-CHAT-R/F is
sensitive and specific in other
samples, including non-English
speaking samples worldwide using
translated versions of the M-CHAT-R/F.
The PPV and the negative predictive
value (NPV) are both of importance in
a screening tool for ASD given that
false positive and negative screening
test results could be highly detrimental
for children and their families. Previous
systematic reviews to date have
focused on the original Modified
Checklist for Autism in Toddlers
(M-CHAT) questionnaire or other
screening tools,">?! not the M-CHAT-
R/F. A recent meta-analysis evaluated
the original M-CHAT and the M-CHAT-
R/F without distinguishing between the
2 versions.”? That review has limited
applicability for evaluating the M-
CHAT-R/F, even though this version is
the preferred screening instrument in
the present era. Hence, we performed a
systematic review and meta-analysis to
evaluate the utility of the M-CHAT-R/F
exclusively to screen for ASD in young
children. We intentionally screened
studies irrespective of language or
country of use. We planned to report
PPV and NPV in addition to sensitivity
and specificity because of the
importance of these psychometric
values for interpreting the results of
screening. In primary analyses, to
maintain equipoise and increase the
accuracy of sensitivity, specificity, and
NPV, we required that screen-negative
children received a diagnostic
evaluation rather than assumed they
were condition-free.

METHODS

Search Strategy

This systematic review was conducted
in accordance with Preferred
Reporting Items for Systematic
Reviews and Meta-analyses
guidelines®® from January 2014, date
of the publication of the instrument,
to 19th November 2021 across
Medline, Embase, SCOPUS, and Trip
Pro database by a health sciences
librarian (Supplemental Table 3). We
reviewed papers written in Spanish,
French, and Russian during the initial
search, though none met criteria for
full text review.

Study Inclusion and Exclusion
Criteria

Inclusion criteria were: (1) an original
sample of children = 48 months of
age from a low-risk (ie, community)
sample or high-risk (ie, children of
siblings with ASD and premature
infants) sample, (2) use of the
20-question M-CHAT-R/F questionnaire
and clarifying interview and standard
scoring protocol, (3) report of at least

1 psychometric property, and use of a
diagnostic evaluation for diagnosis of
ASD. Studies that reported only rates of
the positive questionnaire screens
without data from clarifying interviews
were excluded. Studies with samples
that overlapped other included studies
in the meta-analysis were excluded
(Fig 1). Two researchers (R.A. and
V.KM.) independently screened titles
and abstracts of studies identified from
the initial search. Discrepancies in
decisions were discussed with a third
researcher (H.M.F.) and consensus was
reached following group discussion.
Included articles then underwent full
text review by the same independent
process with all conflicts resolved by
consensus following group discussion.
We contacted corresponding authors of
8 studies via e-mail for additional
information to clarify if the study met
inclusion criteria; we requested raw
data on screening numbers in 5 cases
and details of the administration
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889 Records identified

screening

222 Duplicate records removed before

667 Records screened

> abstract review

595 Records excluded after title and

72 Full text articles assessed for
eligibility

» | original data

study

15 Studies included in meta-analysis

2 Abstract only

FIGURE 1
PRISMA diagram for study selection

process of the M-CHAT-R/F in 3 cases.
We received responses from 5
corresponding authors.

Data Extraction

Data collected included:
demographics, risk profile of
children studied, country of
administration, socioeconomic
status, administrator and
interviewer of the M-CHAT-R/F
questionnaire, language used and
translation process, diagnostic
measure of ASD, results of screening
and diagnostic assessments, and
number of individuals lost to follow-
up at any stage within each study.

Study Quality Assessment

The quality of studies in the final
sample was evaluated based on the
US Preventive Services Task Force
framework (Table 1).** Ratings of
“good,” “fair,” and “poor,” were
assigned based on sample size,
validity of diagnostic evaluation,
diagnostic evaluation applied to at

PEDIATRICS Volume 151, number 6, June 2023

57 Studies excluded:

23 Wrong questionnaire used
10 Commentary/review article without

8 Overlapping sample with another included

6 No diagnostic assessment performed
4 No raw data provided

2 Improper administration of M-CHAT-R/F
2 Included a screen positive sample only

least a proportion of the screen-
negative participants, and
administration of the screening and
diagnostic evaluations by different
personnel. When study attributes
fell across 2 quality categories, the
lower category was assigned. This
rule was applied to 3 studies, which
were ultimately rated “fair.” Quality
ratings of each study were assigned

TABLE 1 Quality Rating Definition

independently by 2 researchers
(R.A. and V.K.M.) and discrepancies
were resolved following discussion
with a third researcher (H.M.F.).

Data Analysis

We applied a rigorous approach to
the M-CHAT-R/F scoring criteria; to
be counted as a screen-positive, the
child must have been classified

Quality

Characteristics

Good Evaluates M-CHAT-R/F questionnaire with standard scoring protocol
Reliable reference standard used as per DSM-5 criteria
Independent assessor for reference standard and screening questionnaire

Reliability of M-CHAT-R/F assessed

Handles indeterminate results in a reasonable manner or has few such results
Includes large number (greater than 1000) of subjects

Fair Evaluates M-CHAT-R/F questionnaire with standard scoring protocol
Uses reasonable although not best reference standard
Independent assessor for reference standard and screening questionnaire
Includes moderate number (500 to 1000) of subjects

Poor Has a major flaw, such as:

- uses inappropriate reference standard

- improperly administers screening test

- biased ascertainment of reference standard
- has very small (<500) number of subjects




either as high-risk (score = 8) or
scored above the cut-off after the
follow-up interview (post interview
score = 2). For each distinct study
sample, PPV was estimated as the
proportion of participants with a
positive screen who were confirmed
to have ASD on the diagnostic
evaluation. In the primary analyses,
for each distinct study sample in
which all, or a random sample, of
participants who screened negative
were evaluated by the diagnostic
evaluation, the NPV was estimated
as the proportion of participants
with a negative screen who were
confirmed not to have ASD. If all
evaluated participants with a given
screening outcome had the same
diagnostic outcome (eg, all negative
screens were deemed negative by
the diagnostic evaluation), a
continuity correction of 0.5 was
added to the numerator and 1.0 to
the denominator of the proportion.
The variance of each PPV and NPV
estimate was computed as p(1-p)/n,
where p is the proportion, and n is
the denominator of the proportion;
binomial confidence intervals were
estimated as specified by Fleiss
(1981).2° Pooled estimates of
overall PPV and for subgroups (risk-
status, United States versus non-
United States country and good or
fair quality studies only), and NPV of
selected study samples, were
estimated using random effects
models according to the method of
DerSimonian and Laird.?® Pooled
estimates of sensitivity and
specificity were similarly calculated.

In the primary analysis, screen-
negative participants who did not
have a diagnostic evaluation were
assumed to be of unknown ASD
status. We conducted secondary
analyses for NPV and specificity,
assuming that all screen-negative
participants without a diagnostic
evaluation did not have ASD (ie, true
negatives).

The SAS macro METAANAL?” was
used to compute estimates and
associated statistics: SE, Q, and I?
(ie, 7°), and forest plots were
created. A meta-regression of PPV
versus mean participant age was
performed using a generalized linear
mixed model specifying a binomial
outcome with identity link and a
random intercept for study sample.
All analyses were performed with
SAS Enterprise Guide version 7.15; a
graph of PPV versus mean
participant age was created with
Excel.

RESULTS

Our search yielded 667 nonduplicate
records. A total of 72 full-text
articles were reviewed. A total of 15
studies,'”*4~*! comprised of 18
distinct samples, with a total of

49 841 participants met full
inclusion criteria. Two studies did
not meet inclusion criteria as they
did not administer the follow-up
interview after an initial positive
screen.

Study Characteristics

Table 2 shows the characteristics of
the study sample from included
studies (published between 2014
and 2021). The majority were of
children 16 to 30 months of age; 2
studies®*3” included 14-month-old
children and 3 studies included
children up to 36 months3%333*
(mean age of sample 23.3 months).
Two studies reported results of
screening of more narrow age-range
subcohorts and their results were
analyzed as 2 discrete samples.*337
There was a good representation of
international studies; 9 of 15 studies
were conducted in countries other
than the United States, including 4
in Asia, 2313438 3 in Europe,3°3233
and 1 each in Africa®® and South
America.®? The mean age of the
sample from studies conducted in
the United States was 22.3 months
as compared with 23.9 months for
that from other countries. All

international studies used the
M-CHAT-R/F in languages other
than English; forward and backward
translation completion was
specifically mentioned in 6 of the 9
studies.

Most of the studies were
conducted solely on community
samples (10 of 15). Two were
conducted solely on a high-risk
sample of siblings of children
previously diagnosed with ASD.3>3¢
One study was conducted solely on
children referred for concerns of
ASD*® and 2 studies included a
mixture of a low-risk community
sample and a high-risk sample of
children with developmental concerns
referred for further evaluation.*®*°
Among the studies which included
both a community and a high-risk
sample, 1 did not report findings for
each sample separately,® hence it was
not included in the risk-based
subgroup analysis. No other high-risk
samples were included (eg, extreme
premature infants). Thirteen of 15
studies applied a diagnostic evaluation
for ASD on at least a portion of
screen-negative patients, although this
step was applied to the entire sample
or a completely random screen-
negative sample in only 5 studies. The
remainder applied the diagnostic
assessment on screen-negative
children who had other concerns for
an eventual ASD diagnosis (such as
provider clinical concerns or failure of
another screening test). Across all 15
included studies, only 780 screen-
negative children had a diagnostic
evaluation (1.67% of the total screen-
negative sample). The majority of the
studies (12 of 15) had a quality rating
of “good” or “fair”; 3 studies had a
“poor” rating. The reasons for a poor
rating included lack of information on
diagnostic assessments used, small
sample size (<500 children), and
same personnel administering both
the M-CHAT-R/F and diagnostic
assessment.

AISHWORIYA et al



TABLE 2 Characteristics of Included Studies

Diagnostic Screen-
Source and Total  Age Range Mean Age Type of Initial Follow up Evaluation Quality  Negative
Country Number (Months)  (SD)® Males (%) Sample Interviewer  Interviewer  Language Method Indicator Evaluated
Guo et al®' 7928 16-30 22.7 (4.1) 55.6 Community  Healthcare NS Mandarin®  Clinical Good Some®
2019; evaluation
China
Jonsdottir 1586 NS 31.7 (1.7) 50.5 Community  Healthcare Research Icelandish®  ADOS Good Some?®
et al*? personnel
2021;
Iceland
Magan- 6625 14-36 14-22 mo: 51.2 Community  Healthcare Research Spanish® ADOS Good Some®
Maganto 18.2 (0.7); personnel,
et al®® 23-36 mo: Healthcare
2020; 245 (12)
Spain
Oner et al®* 6712 16-36 26.8 (5.8) 51.5 Community  Healthcare Healthcare  Turkish® ADOS Good Some"
2020;
Turkey
Robins et al'” 16071 16-30.9 21.0 (3.3) 50.12 Community  Healthcare Research English ADOS Good Some"
2014; US personnel
Wieckowski 4281  14.0-219 NA 51.2 (15 mo); Community  Healthcare NS English ADOS Good Some?®
et al’® 49.3 (18 mo)
2021; US
Bradburg 187 16-30 21.2 (4.1) 584 High-risk® Healthcare Research English ADOS Fair Some®
et al® personnel
2020; US
Brennan 2594 16-36 24 (2.8) 50.1 Community  Healthcare Research Albanian®  ADOS Fair None
et al®® personnel
2016;
Albania
Christoeger 290 1848  32.7 (7.7) 796 High-risk NS NS English ADOS Fair All
et al
2021; US
McNally 605 1848 304 (6.5) NS Community  Healthcare Healthcare  English Clinical Fair Some'
Keehn evaluation
et al"!
2021; US
Tsai et al*® 317 16-32 243 (4.4) 52.7 Community, Parent- NS Mandarin®  Clinical Fair Al
2019; High-risk® completed evaluation
Taiwan via mail
Weitlauf 74 16-21  18.0 (NS) 63 High-risk® NS Research English ADOS Fair Some'
et al*® personnel
2015; US
Coelho- 120 16-30 22.47 64.2 Community  Healthcare Healthcare Spanishf ADOS Poor Some"
Medeiros (4.22) high-risk® provider
et al*
2019; Chile
Manzouri 1504 16-30 20.26 498 Community  Healthcare Healthcare  Persian® Clinical Poor None
et al*® (3.74) provider evaluation
2019; Iran
Sangare 947 NS NS NS Community  Research Research French' Clinical Poor Some'
et al*® personnel evaluation
2019; Mali

Healthcare provider refers to personnel at healthcare facility including but not limited to physicians and nurses. ADOS, Autism Diagnostic Observation Schedule; NS, not specified.
@ Distinct sample of 15- and 18-mo children screened with M-CHAT-R/F and rescreened at older ages; only results of initial screen included in analysis.
b Ages and standard deviations rounded to the nearest tenth.

© High risk samples include: siblings of children with ASD and children referred for developmental concerns for ASD.

“ Forward translated.
¢ Forward and backward translated.
" Translation not specified.

g Evaluated based on screening tool results, physician concern, or referral for diagnostic assessment.

" Evaluated based on random selection.
" Evaluation reason not specified.

Data on family socioeconomic
status or parental education was
not reported uniformly across
studies, and thus was not adequate
for analysis within the meta-
analysis. There was significant loss

PEDIATRICS Volume 151, number 6, June 2023

to follow-up of screen-positive
children who did not have
subsequent evaluations in each study
(range 3.2% to 71.0%, mean 28.8%,
median 32.3%). None of the studies
compared children who were lost to

follow-up and those who received
diagnostic assessment. Further, a
portion of children in each study did
not complete the full 2-stage
screening process, with indeterminate
screening results following a failed



A PPV of ASD Screening

Study Estimate and 95% CL Est. LCL ucL

Guo 2019 ——— 0530 0435 0623

Jonsdottir 2021 —_— 0720 0504 0.871
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Magan-Maganto 2020 23-26 months —_— 0250 0.083 0526
Oner 2020 —— 0375 0299 0457

Robins 2014 —— 0475 0408 0543

Wieckowski 2021 15 months — 0256 0136 0.424
Wieckowski 2021 18 months — 0420 0335 0509
Bradbury 2020 —_—t 0607 0.468 0732

Brennan 2016 _— 0895 0655 0982

Christopher 2020 - 0790 0728 0841

Keehn 2021 — 0458 0411 0507
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Weitlauf 2015 —_— 0783 0558 0917

*Coelho-Medeiros 2019 Community 0500 0.027 0973
*Coelho-Medeiros 2019 High Risk —_— 0.850 0611 0.960
*Manzouri 2019 _— 0750 0474 0917

*Sangare 2019 0.833 0.125 0.99

Overall 0577 0486 0.668
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Study Estimate and 95% CL Est. LCL ucL

Guo 2019 —0— 0.706 0523 0.843

Jonsdottir 2021 —_— 0353 0.153 0614

Magan-Maganto 2020 14-22 months 0.600 0.170 0927
Magan-Maganto 2020 23-26 months 0500 0.092 0.908
+Oner 2020 R m— N | 0969 0705 1.000

+Robins 2014 —] 0 0571 0411 0719

Wieckowski 2021 15 months —_— 0650 0409 0.837
Wieckowski 2021 18 months R T 0381 0.190 0613
Bradbury 2020 —)] 0955 0833 0992

+Christopher 2020 —] 0355 0251 0474

Keehn 2021 —F 0821 0754 0873

+Tsai 2019 O 0.989 0966 0.997

Weitlauf 2015 —_—— 0722 0464 0893

+*Coelho-Medeiros 2019 Community —{ 0976 0.766 1.000
*Sangare 2019 iy 0867 0584 0977

Overall 0724 0625 0824
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0.0 0.2 04 0.6 0.8 1.0
NPV

FIGURE 2

(A) Pooled estimates of positive predictive value of the M-CHAT-R/F questionnaire — all studies. (B) Pooled estimates of negative predictive value of the M-
CHAT-R/F questionnaire. Studies are listed based on quality from “good” to “poor.” *, Denotes studies related as “poor” quality. +, Denotes studies that as-
sessed a random sample of screen-negative children.

first stage (mean 25.7%, median
18.6%).

Overall Findings From All Studies

The meta-analysis of 15 studies
covering 18 distinct samples showed
a pooled PPV of 57.7% (95% CI
48.6-66.8) with significant between-
study heterogeneity (Q = 203.54,

P <.0001, t* = 0.031) (Fig 2A). The
pooled NPV derived from the
primary analysis of screen-negative

children who had a diagnostic
evaluation (from 13 studies) was
72.5% (95% CI 62.5-82.4), with
significant between-study
heterogeneity (Q = 280.27, P <
.0001, 7> = 0.031) (Fig 2B). The
pooled NPV based on the 5 studies
that evaluated a random sample of
screen-negative children was 78.0%
(95% CI 59.5-96.5, Q = 160.25,

P <.0001). In the secondary
analysis (assuming that screen-

negative participants who did not
have a diagnostic evaluation were
true negatives) the pooled NPV was
99.7% (95% CI 99.6-99.9). The
pooled sensitivity was 82.6%

(95% CI 76.2-88.9), with significant
between-study heterogeneity

(Q = 106.49, P < .0001, 7% =
0.010). Pooled specificity in the
primary analysis was 45.7% (95%
CI 25.0-66.4), with significant
between-study heterogeneity (Q =

AISHWORIYA et al



1532.70, P < .0001, 7* = 0.163)
(Figs 3, A and B). Pooled specificity
in the secondary analysis was 97.1%
(95% CI 96.4-97.9).

A meta-regression for PPV versus
mean age of sample estimated an
increase of 0.012 (SE 0.010) in PPV
per month of mean age, but this
trend was not statistically
significant (P = .23) (Supplemental
Fig 5). A funnel plot depicting
number of screen-positive cases
evaluated versus PPV was
symmetrical suggesting low
possibility of publication bias
(Supplemental Fig 6). We calculated a
pooled PPV for the presence of any
developmental disorder (eg, global
developmental delay or language
delay) from 8 studies that provided
these data. The PPV was higher at
89.0% (95% CI 82.9-94.6), with
significant between-study
heterogeneity (Q = 60.21, P <
.0001). Because of inconsistent and/
or absent reporting of these data across
studies, including for screen-negative
children, we could not derive sensitivity,
specificity, or NPV for the presence of
any developmental disorder.

Additional Findings From Subgroup
Analyses

Subgroup analysis was conducted
based on risk status and country of
origin of the study (United States
versus non-United States), as planned
a priori. PPV of the high-risk sample
based on 4 studies was 75.6% (95%
CI 66.0-85.2) with no significant
between-study heterogeneity

(Q = 57.75, P = .051, 7> = 0.006)
(Supplemental Fig 7). In contrast, PPV
for the low-risk sample was 51.2%
(95% CI 43.0-59.5, Q = 76.28, P <
.0001, 7* = 0.016). Pooled PPV of
studies conducted in the United States
was lower than PPV of those
conducted in other countries (PPV
54.0% [95% CI 40.2-67.7] versus
60.8% [95% CI 47.3-74.3]) (Fig 4).
There was significant between-study

PEDIATRICS Volume 151, number 6, June 2023

heterogeneity in both of these
subgroups.

DISCUSSION

This study is a meta-analysis of the
specific performance of the
M-CHAT-R/F as a screening tool for
ASD from a global sample that
employed the tool in various
languages.

The findings of our meta-analysis,
from 10 different countries and
using 8 different languages,
including English, showed an overall
pooled sensitivity of the M-CHAT-R/
F at 82.5%. Sensitivity is above the
recommended 70% to 80%
expected of a good screening tool.*
Thus, the proportion of young
children with ASD who are missed
by screening with the M-CHAT-R/F
is small. Some children with ASD
who have subtle social
communication difficulties may not
be detected by screening before 36
months of age.

Our results reveal a pooled estimated
PPV of 57.7% for the subsequent
diagnosis of ASD following a positive
screen. In a low-risk community
sample, for whom the tool is most
appropriately used, the chance of an
eventual ASD diagnosis following a
positive M-CHAT-R/F screen
decreases to 51.2%. This finding is
similar to that reported in the original
validation study of the M-CHAT-R/F
of 46.5%"” and to that of the original
M-CHAT.?! It is also in line with the
findings of the US Preventive
Services Task Force that looked at
both the M-CHAT and M-CHAT-R/F.*3
The pooled estimate of the PPV of
the M-CHAT-R/F in relation to the
presence of any developmental
disorder, such as global developmental
delay, increases to 89.0%, in keeping
with previous studies.!”333¢

Real-world performance of a
screening tool must consider PPV and
NPV. The pooled PPV estimate that

we derived is in the moderate range
at 57.5%. The PPV for ASD is relevant
when counseling parents of children
with a positive screen with respect to
the likelihood of an eventual ASD
diagnosis; only approximately half of
those children with a positive screen
will ultimately receive the diagnosis
of ASD; the other half may have no or
another developmental disorder.
Many factors affect PPV. PPV is
related to the population prevalence
of the condition; lower prevalence is
associated with lower PPV, regardless
of sensitivity.** Given the prevalence
rate of ASD at 1% to 2.3%, even a
screening tool with 99% sensitivity
would result in a PPV of 67% at
best.** In addition, given that the M-
CHAT-R/F is a parent-reported
screening tool, lack of parental
awareness of expected social-
communication milestones may lead
to false responses on the
M-CHAT-R/F, compromising PPV. PPV
rates would also be influenced by
screen-positive children who were
lost to follow-up; these children may
have sought diagnostic evaluation
elsewhere, lowering the reported PPV
by the study. The moderate PPV
emphasizes the need for further
evaluations for the presence of ASD
and/or any other developmental
conditions rather than reliance on the
results of this screening tool for
diagnosis. Repeated screening of the
same child at multiple timepoints,
such as at 18 and 24 months as
recommended by the American
Academy of Pediatrics, may improve
the accuracy of ASD screening,37
though this recommendation bears
further evaluation. A positive
screening result may also indicate a
developmental disorder other than
ASD. The diagnostic evaluation after a
positive screening test should
consider a range of diagnostic
possibilities in addition to ASD.

Our finding of a higher PPV for
studies originating from non-United
States countries compared with
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FIGURE 3

(A) Pooled estimates of sensitivity of the M-CHAT-R/F questionnaire. (B) Pooled estimates of specificity of the M-CHAT-R/F questionnaire.

those within the United States is
surprising. This finding could have
been related to the varying
prevalence of ASD within each
country given the variation within
global prevalence rates.>*> Further,
when using the questionnaire in
different languages, the translation
process could have unintentionally
altered the phrasing of the questions
or interpretation of the questions
could have been influenced by

culture and local contexts, such that
the nature of a positive screen is
different from that when used in
English. Another possibility could
also be related to the older mean
age of the sample from non-United
States studies as compared with
those from the United States, with
the PPV of the M-CHAT-R/F being
better among older children.
However, the meta-regression found
that the increase in PPV with age of

sample was not statistically
significant. It is also possible that
within each country, a selection bias
for being screened is at play such
that children who are at higher risk
for ASD are inadvertently more
likely to participate in research
studies on screening. We also note
that of 9 international studies that
were included, only 4 had “good”
quality ratings, 2 had “fair,” and 3
had “poor” quality ratings. The
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FIGURE 4

Pooled estimates of positive predictive value of the M-CHAT-R/F questionnaire — stratified by country of origin of studies (United States versus non-United

States).

studies that received lower ratings
had serious methodological flaws,
including small sample sizes or the
same personnel administering both
the M-CHAT-R/F and the diagnostic
evaluation. Hence, the PPV rate
could potentially have been
artificially inflated because of study-
related biases. However, in the
overall sample, elimination of
studies rated as “poor” quality did
not significantly alter the pooled
PPV.
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The pooled NPV of 72.5% in the
primary analyses indicates the need
for a screening tool for ASD with a
smaller proportion of false negative
screens. We recognize that the
estimates for NPV, sensitivity, and
specificity were based on the small
proportion of screen-negative
children who had a diagnostic
evaluation. When we assumed that
all nonevaluated screen-negative
children did not have ASD, the NPV
unsurprisingly increased to 99.7%.

However, we are concerned about
the appropriateness of assuming
that nonevaluated screen-negative
children were condition-free. The
assumption would lead to significant
overestimation of the true NPV,
even if the pooled estimate based on
data of screen-negative children
who had a diagnostic evaluation
may be an underestimate based on
the small sample size. This
difference in analytic approach
explains why 3 of the studies'”*!3?



included, reported a higher NPV in
their manuscript as compared with
what we used in our meta-analysis.
Conversely, 4 of the studies?836:38:40
used the same analytical method as
we did in the primary analysis and
these studies had reported NPV
values that were similar (lower) to
those that we derived. This
limitation regarding calculation of
NPV is inherent in almost all studies
examining screening tools in
developmental disorders because of
the large numbers of children who
have negative screening tests, the
financial costs involved in testing
screen-negative children, and the
long time-frame within which the
disorder could potentially
develop.***~*® The other
unanticipated limitation was that
even though the majority (13 of
15) of the final included studies
applied the diagnostic assessment
to a sample of screen-negative
patients, the majority of these
patients had bias toward an
eventual positive diagnosis (ie, it
was a not a randomly selected
sample). This bias likely
contributed to the widely varying
estimates of NPV across studies.
Cultural factors influencing
parental reporting of
developmental milestones may also
affect NPV rates. For example,
parents may over-report the
presence of developmental sKills,
leading to false negative screens
because of cultural stigma
associated with developmental
delays. Lack of understanding of
the screening questions because of
language or translation-related
difficulties may also lead to false
responses. Overall, the true NPV is
likely to lie somewhere in between
72.5% and 78.0% and closer to
78.0%, which was estimated based
on a less-biased, random sample.

Future studies of screening measures
for ASD or other developmental
disorders should evaluate a larger

and random sample of children who
screen-negative to ensure that a
nonbiased subsample has the same
reference test applied as screen-
positive children. This improvement
would be important to allow reliable
interpretation of the tool’s
performance, especially in terms of
NPV, sensitivity, and specificity. It
would also be ideal to have more
detailed reporting with respect to the
presence of other developmental
disorders apart from ASD, if any,
following diagnostic evaluations of
both screen-positive and screen-
negative children. This calculation
would allow greater inference of the
utility of the M-CHAT-R/F for the
presence of general developmental
disorders apart from ASD. The
substantial number of children who
were screen-positive but were lost to
follow-up and those who did not
complete the full 2 stage screening
also add caution to the overall
estimates derived in our meta-
analysis. The reason for these high
attrition rates within each study
context were not fully discussed in
the studies. However, possible
reasons include that the families of
children who screened positive were
able to access services for ASD
without a diagnostic evaluation or
alternatively, that caregivers were
reluctant to continue follow-up
evaluations following an initial
positive screen for ASD for cultural or
other reasons. This selective sample
loss and the individual study’s
handling of this sample could have
distorted estimates of PPV across
studies. For example, a previous study
that examined a previous version of
the M-CHAT in a real-world setting
assumed that all screen-positive
children who were lost to follow-up
did not have ASD, affecting its PPV
estimate.*”

Strengths and Limitations

Strengths of this meta-analysis
include the intentional focus solely
on the M-CHAT-R/F, the preferred
screening tool for ASD screening
in many healthcare settings. By
calculating pooled sensitivity,
specificity, and NPV based on
screen-negative children who
received a diagnostic evaluation,
the estimates provided here are
likely accurate, and not an over-
estimation of the true values. The
diverse nature of the samples
allowed us to capture the
performance of the M-CHAT-R/F
in countries and languages that
the questionnaire was not
originally developed or normed.
We were also able to obtain
relevant data from studies that
employed the M-CHAT-R/F for
purposes other than the detection
of ASD but included data pertinent
to ASD screening.

Limitations include the lack of a
manual search of conference papers
and proceedings, although we tried
to circumvent this limitation by
reviewing the references of all
included studies to minimize
potentially missed ones. Although
we did not intentionally exclude
any papers, it is possible that those
without an abstract or keywords in
English were not be identified in the
systematic search. Lastly, we were
not able to analyze results based on
family socioeconomic status and
demographic variables; as a result,
findings may not be generalizable
across all populations of children
within the studied age ranges.

CONCLUSIONS

This meta-analysis supports the use of
the M-CHAT-R/F as a screening
questionnaire for ASD, given favorable
sensitivity and acceptable PPV in the
context of a low prevalence condition.
A positive screen with the M-CHAT-R/
F is predictive of the diagnosis of ASD
in approximately 50% of children and
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a predictive diagnosis of any
developmental disorder in about
90%. The PPV should be considered
in the clinical application of the M-
CHAT-R/F, particularly when
counseling caregivers with respect
to the presence of ASD. Future
research should evaluate a
substantial, random sample of

data from longitudinal follow-up of

ABBREVIATIONS

ASD: autism spectrum disorder

M-CHAT-R/F: Modified Checklist
for Autism in
Toddlers, Revised
with Follow-Up

NPV: negative predictive value

PPV: positive predictive value

a cohort of screen-positive and
screen-negative children will improve
our assessment of the M-CHAT-R/F as
a screening tool for ASD.
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