PEDIATRICS

OFFICIAL JOURNAL OF THE AMERICAN ACADEMY OF PEDIATRICS

Large-Scale Use of the Modified Checklist for Autism in Low-Risk Toddlers
Colby Chlebowski, Diana L. Robins, Marianne L. Barton and Deborah Fein
Pediatrics; originally published online March 25, 2013;

DOI: 10.1542/peds.2012-1525

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/early/2013/03/18/peds.2012-1525

PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly
publication, it has been published continuously since 1948. PEDIATRICS is owned,
published, and trademarked by the American Academy of Pediatrics, 141 Northwest Point
Boulevard, Elk Grove Village, Illinois, 60007. Copyright © 2013 by the American Academy
of Pediatrics. All rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275.

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from pediatrics.aappublications.org at Georgia State University on March 27,2013


http://pediatrics.aappublications.org/
http://pediatrics.aappublications.org/content/early/2013/03/18/peds.2012-1525

ARTICLE

Large-Scale Use of the Modified Checklist for Autism

In Low-Risk Toddlers

AUTHORS: Colby Chlebowski, PhD,? Diana L. Robins, PhD >
Marianne L. Barton, PhD,® and Deborah Fein, PhDed

aDepartment of Psychiatry, University of California, San Diego,
San Diego, California; ®Department of Psychology, Georgia State
University, Atlanta, Georgia; Departments of ¢Psychology and @
Pediatrics, University of Connecticut, Storrs, Connecticut

KEY WORDS
autism, M-CHAT, screening, toddlers, diagnosis

ABBREVIATIONS

AAP—American Academy of Pediatrics

ASD—autism spectrum disorder

DSM-IV—Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition

GSU—~Georgia State University

M-CHAT—Modified Checklist for Autism in Toddlers
M-CHAT/F—Modified Checklist for Autism in Toddlers Follow-Up
PPV—positive predictive value

UConn—-University of Connecticut

Dr Chlebowski participated in the collection of data, exported
data, performed data validation and statistical analysis,
participated in the interpretation of data, and prepared the
manuscript; Dr Robins contributed to the conception and design
of the study, collected a large subset of the data, participated in
the interpretation of data, and contributed to the drafting and
revision of the article; Dr Barton contributed to the conception
and design of the study, participated in the interpretation of
data, and contributed to the drafting and revision of the article;
and Dr Fein, as principal investigator, obtained funding and
supervised all stages of the study, contributed to the conception
and design of the study, participated in the interpretation of
data, and contributed to the drafting and revision of the article.
All of the authors provided final approval of the submitted
version of the manuscript.

www.pediatrics.org/cgi/doi/10.1542/peds.2012-1525
doi:10.1542/peds.2012-1525
Accepted for publication Dec 18, 2012

Address correspondence to Colby Chlebowski, PhD, 3020
Children’s Way, MC 5033, San Diego, CA 92123. E-mail:
cchlebowski@ucsd.edu

(Continued on last page)

PEDIATRICS Volume 131, Number 4, April 2013

K CHAT by clinical providers. /

WHAT’S KNOWN ON THIS SUBJECT: Early detection for children

with autism leads to better outcomes; early screening is critical.
The Modified Checklist for Autism in Toddlers (M-CHAT) is a widely
used instrument for early autism screening and is recommended
by the American Academy of Pediatrics.

WHAT THIS STUDY ADDS: This large study provides empirical
support for population screening for autism spectrum disorders
and the use of the M-CHAT in primary care settings. This study
provides updated results to facilitate use and scoring of the M-

&
OBJECTIVE: The purpose of the study was to examine use of the
Modified Checklist for Autism in Toddlers (M-CHAT) as an autism-

specific screening instrument in a large, geographically diverse
pediatrics-based sample.

METHODS: The M-CHAT and the M-CHAT Follow-Up (M-CHAT/F) were used
to screen 18989 toddlers at pediatric well-child visits in 2 US
geographic regions. Pediatricians directly referred children to
ascertain potential missed screening cases. Screen-positive children
received the M-CHAT/F; children who continued to screen positive
after the M-CHAT/F received a diagnostic evaluation.

RESULTS: Results indicated that 54% of children who screened positive
on the M-CHAT and M-CHAT/F presented with an autism spectrum disorder
(ASD), and 98% presented with clinically significant developmental
concerns warranting intervention. An M-CHAT total score cutoff of =3
identifies nearly all screen-positive cases, and for ease of scoring the
use of only the M-CHAT total score cutoff is recommended. An M-CHAT
total score of 7 serves as an appropriate clinical cutoff, and providers
can bypass the M-CHAT/F and refer immediately to evaluation and
intervention if a child obtains a score of =7.

CONCLUSIONS: This study provides empirical support for the utility of
population screening for ASD with the use of the M-CHAT in a primary
care setting. Results suggest that the M-CHAT continues to be an
effective screening instrument for ASD when the 2-step screening
process is used. The M-CHAT is widely used at pediatric offices, and
this study provides updated results to facilitate use and scoring of
the M-CHAT by clinical providers. Pediatrics 2013;131:¢1121—e1127
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Autism spectrum disorders (ASDs) are
neurodevelopmental disorders charac-
terized by impaired social interactions,
communication deficits, and repetitive
behaviors or unusual or limited inter-
ests.! The current prevalence is esti-
mated at 1in 88 births.2 Early intervention
can lead to a substantially better prog-
nosis for children with ASD%"; however,
the median age of diagnosis is still past
the third birthday® and even later in chil-
dren from disadvantaged backgrounds.?
Because intervention services before di-
agnosis are extremely limited, early
screening and diagnosis are crucial?
The current American Academy of Pedi-
atrics (AAP) guidelines recommend rou-
tine ASD surveillance at every well-child
visit plus standardized developmental
screenings at ages 9, 18, and 30 months
and ASD-specific screening at ages 18
and 24 months.10

The Modified Checklist for Autism in
Toddlers (M-CHAT)' is a 23-item parent-
report autism screening tool for children
16 to 30 months of age (see Supple-
mental Information). The M-CHAT Follow-
up (M-CHAT/F)'2 gathers additional detail
about at-risk responses and reduces the
M-CHAT’s false-positive rate (see Supple-
mental Information). The aim of the study
is to update findings regarding the use
of the M-CHAT as an autism-specific,
population-level screening instrument.
Alarge sample of toddlers was screened
in 2 US geographic regions during 18-
and 24-month well-child examinations.
Screen-positive children received the M-
CHAT/F, and children who continued to
screen positive were invited for di-
agnostic evaluation. Children are being
rescreened between the ages of 42 and
94 months. The current project presents
data from the initial screening; follow-up
data will be presented in a subsequent
article once data collection is complete.

METHODS

This study was approved by the in-
stitutional review boards ofthe University
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of Connecticut (UConn) and Georgia State
University (GSU).

Participants

Participants are children who partici-
pated in the large-scale M-CHAT screen-
ing studies conducted at UConn and GSU.
The current sample includes low-risk
participants who participated in pre-
vious studies'®=16 and newly screened
children at both sites. Children were
screened with the M-CHAT between 16
and 30 months of age during a well-child
visit at a participating pediatric site.
Children were excluded if they were
screened by an early intervention pro-
vider, screened as part of an autism
sibling study, or if they were self-referred
by their caregivers with autism-related
concerns. Children were also excluded
if they received an ASD diagnosis before
being screened with the M-CHAT, if they
had a severe sensory or motor disability
(eg, blindness or deafness) that pre-
vented them from completing study
assessments, or if the childs caregivers
were not fluent in English or Spanish. If
an excluded child presented with an “at
risk” M-CHAT score, the child’s family
and pediatrician were notified of the
screening results and referrals were
provided.

Atotal of 18 989 children were screened
with the M-CHAT: 9088 at GSU and 9901
at UConn (see Table 1). The sample was
evenly divided between boys and girls;
there was no difference in the male to
female ratio between sites (x* [1, N =
187411 = 0260; P = .610). Parents
reported race and ethnicity for a subset
of toddlers (UConn, n = 3574; GSU, n =
9469). Due to the relatively smaller num-
bers of nonwhite children, the samples
were divided into white (not Hispanic/
Latino) and all other races and eth-
nicities for comparison across sites.
There was a statistically significant dif-
ference in the racial/ethnic composition
between the 2 sites (GSU = 67.6% white;
UConn = 69.6% white) (x” [1, N = 9043] =
413; P = .042), although the effect size

was small (@ = 0.02). The comparison of
mean age at screening (GSU = 207
months; UConn = 20.1 months) was sig-
nificant due to the large sample size
(t[18989] = 13.377; P << .001); however,
the effect size was small (d = 0.19), and
the difference (0.06 month) was not clin-
ically meaningful.

Screening Instrument

The M-CHAT was administered and
scored by using previously published
cutoffs. A positive screen was indicated
by screening positive on 2 of 6 critical
items or on 3 of 23 items overall on both
the M-CHAT and M-CHAT/F." The M-CHAT
and M-CHAT/F are available at www.
mchatscreen.com.

Procedure

Screening Procedure

Pediatric offices were recruited by mail-
ings to members of state AAP organ-
izations. Participating offices agreed to
offer the informed consent and M-CHAT in
English or Spanish to all eligible families
presenting for 18- and 24-month well-
child visits. Office staff collected and
mailed completed forms to the research
office for scoring. Although not required
by the study, many pediatric offices
scored the M-CHAT independently and
kept a copy in the child’s file.

Caregivers of screen-positive cases
completed the M-CHAT/F, primarily over
the telephone, with research assis-
tants; cases that screened positive on
the M-CHAT/F were offered free di-
agnostic evaluations. Families received
compensation for time and travel.

Evaluation Procedure

Diagnostic evaluations were conducted
by a licensed clinical psychologist or
developmental pediatrician and a psy-
chology doctoral student, in English or
Spanish depending on the family’s pref-
erence. Evaluations included the Autism
Diagnostic Observation Schedule,'” the
Autism Diagnostic Interview-Revised or
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TABLE 1 Characteristics of Screening and Evaluation Samples either a DSM-IV diagnosis or “develop-

mental concerns” and were referred for

GSU Screening  UConn Screening P d Total Screening  Total Evaluation

Sample Sample Sample Sample intervention (see Table 2). Of the 36 po-
Sample size 9088 9901 18989 207 tential missed cases, 6 were diagnosed
Male, n (%) 4561 (50.2) 5040 (50.9) 610 — 9601 (506) 159 (76.8) : . ; N
White (non- 3696 (67.6) 2488 (69.6) 042 — 6184 (684) 128 (61.8) with ASD: 3 wgre missed by the M-CHAT
Hispanic), n (%)° and 3 were missed by the M-CHAT/F. Of
Nonwhite, n (%)° 1773 (32.4) 1086(30.4) 042 — 1186 (13.1) 28 (13.5) the 36 potential missed cases, 23 were
Age at screening, 20.67 (3.12) 20.07 (3.08) <.001 0.19 204 (3.1) — flagged by a pediatrician (5 ASD), 12
mo (SD) . '
Age at evaluation, 2535 (5.0) 2601 417) 304 — — 25.75 (4. 51) screened positive on the Yale Scoreener
mo (SD) (0 ASD), and 1 child screened positive on

a Ethnicity percentages were calculated on the basis of cases with reported ethnicity data (n = 9043).

Toddler Edition,'® the Mullen Scales of
Early Learning,'® the Vineland Adaptive
Behavior Scales,20-2" and the Childhood
Autism Rating Scale22 If the diagnostic
instruments disagreed, the discrepancy
was resolved by clinical judgment.23 Di-
agnosis was made by clinical judgment
of the licensed clinician. Evaluated chil-
dren were given all appropriate Di-
agnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-
IV), diagnoses; others were classified as
having “developmental concerns” or as
typically developing. The label of “de-
velopmental concerns” was given to
children who did not meet criteria for
any DSM-IV diagnosis but who presented
with subthreshold characteristics of
a diagnostic condition (eg, clinically
significant social difficulties in the ab-
sence of an ASD diagnosis or clinically
significant speech and language delays
not meeting criteria for a DSM-IV lan-
guage disorder). Families received oral
and written feedback that included
recommendations for intervention.

Ascertaining Missed Screen-Positive
Cases

Potential missed cases were ascertained
by (1) asking pediatricians to “red flag”
children about whom they had autism-
related concerns and (2) concurrently
screening with a second instrument.
Regardless of M-CHAT score, children
were offered evaluations on the basis
of a pediatrician’s red flag, a positive
screen on the Yale Screener (previously
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under development and administered to
3570 UGonn cases), or a positive screen
on the Screening Tool for Autism in Two-
Year-Olds or STAT?* (administered to 3
randomly selected GSU cases as pilot
data for a new study).

RESULTS
Screening Results

Of the 18989 children screened with
the M-CHAT, 9.1% screened positive and
required the M-CHAT/F. Of the 1737 screen-
positive cases, 74.6% completed the M-
CHAT/F, 1023 children (79%) screened
negative and required no additional
follow-up, and 272 children (21%) con-
tinued to screen positive after the M-
CHAT/F and were offered an evaluation.
Of the eligible children, 60.7% attended
the evaluation (see Fig 1).

Evaluation Results

Children were evaluated on the basis of
positive screens on the M-CHAT and M-
CHAT/F (n = 171; of note, 6 of these
children screened positive on a high
number of items on the M-CHAT and
were offered an evaluation without
completing M-CHAT/F) or ifthey screened
negative on the M-CHAT or M-CHAT/F but
were identified as a potential missed
case (n = 36). The sample was 76.8%
male; the mean evaluation age was 25.75
months (SD = 4.51; see Table 1).

0f the 171 screen-positive cases, 92
(53.8%) were diagnosed with an ASD and
allbut4 (97.7%) were identified as having

the Screening Tool for Autism in Two-
Year-0lds (1 ASD).

M-CHAT Total and Critical Cutoff
Scores

The M-CHAT has 2 cutoff scores that can
be used to identify screen-positive
cases; the total score cutoff requires
a child to screen positive on =3 items,
and the critical score cutoff requires
a child to screen positive on =2 of 6
critical items determined to be the best
discriminators of ASD and non-ASD on
the basis of the first 600 children
screened.'® The utility of these cutoffs
was assessed in the sample of 92
children with ASD who screened posi-
tive on the M-CHAT and M-CHAT/F. Of the
92 children, 91 children (98.9%) excee-
ded the M-CHAT total score cutoff,
whereas only 78 (84.8%) exceeded the
critical score cutoff. Only 1 child
screened positive on the critical score
without also screening positive on the
total score.

M-CHAT Cutoff Score for Clinical
Referral

By using the subsample who completed
the M-CHAT/F (n = 1295), M-CHAT total
scores were cross-tabulated with the
M-CHAT/F results to identify an M-CHAT
cutoff for bypassing the M-CHAT/F for
immediate referral for evaluation and
intervention (see Table 3). By using
a cutoff of M-CHAT total score =7,
82.2% continued to screen positive af-
ter the M-CHAT/F, whereas 87.4% of
children with a score of 3 to 6 reverted
to screen negative after follow-up.
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) Positive Predictive Value
Total Screening Sample
¢ V= 18989 * The positive predictive value (PPV; true
M-CHAT Screen Negative M-CHAT Screen Positive positives/all screen pOSitiVCS) ofthe M-
n=17252 n=1737 CHAT was calculated on the basis of the
1 diagnostic classification of children
e M-CHAT/F ; )
1 I Sereen Negative ' vyho completeq evaluations, conserva
Pediatrician Pediatrician n=1023 tively presuming non-ASD for those
Flageed Flagged M-CHAT/F children who screened positive on the
- Not C: leted * .

s == o — M-CHAT but then screened negative

ale Screener Yale Screener ‘s S
Screen Positive Screen Positive High M-CHAT/F on the M-CHAT/F. The 6 “high fail” cases
n=4 n=8 Fails ’ Sercen Posiive 4_ who bypassed the M-CHAT/F were com-

n= n= . .
T STAT bined with the M-CHAT and M-CHAT/F
“At Risk” T .- . .
1 n=1 - screen-positive cases in the calculation
hvd ~ 7 of the PPV,

Received Evaluation as a Received Evaluation as an Evaluation Not . . . .
Potential Missed Screening Case M-CHAT + M:CHAT/F Completed © Nmety_ﬁve Chlllqren dlagnosed with ASD
n=36 Sereen-Positive Case n=107 screened positive on the M-CHAT, out of
1737 screen-positive cases, yielding
ASD Diagnosis ASD Diagnosis a PPV of 0.06 (see Table 3). Completing

n=6 n=92 the M-CHAT/F is essential for PPV

4

Non-ASD DSM-IV Diagaosis (Robins, 2008'6); 92 children diagnosed

n=60 < with ASD screened positive on the M-
<

Non-ASD DSM-1V Diagnosis
n=18

CHAT and M-CHAT/F out of 171 screen-
positive cases, yielding a PPV for iden-

Developmental Concerns Developmental Concerns

4_4A__4_ A4 _

n=9 n=15
tifying ASD of 0.54. Only 4 evaluated
Typical Development Typical Development children were typically developing,
=3 n=4 < yielding a PPV for identifying any de-
FIGURE 1 velopmental concerns of 0.98; results

Study participation flowchart. The bold lines indicate the standard path of participation in the study; were similar across sites (see Table 4).
the dashed lines indicate ways in which children received evaluations as potential missed screening
cases. “0f the 422 M-CHAT/F noncompleters, 271 were unable to be contacted for follow-up, 38 declined
additional participation, 5 were excluded due to a language barrier, 6 received an evaluation without
completing the M-CHAT/F due to failing a high number of items on the M-CHAT (indicating a high risk of DISCUSSION
ASD), and 122 cases had missing data. b"High Fails” refers to children who screened positive on =8 .
items on the M-CHAT screening questionnaire (indicating a high risk of ASD) and who were referred The current study is one of the largest
directly to evaluation, bypassing the M-CHAT/F. °0f the 107 children who did not complete an evaluation, pediatrics-based autism screening stud-
65 declined an evaluation or failed to show up for multiple appointments; 22 could not be contacted to . . .
schedule the evaluation; 7 were excluded due to a previous medical diagnosis or the presence of les to date. The 18989 participating
a severe neurologic, physical, visual, or hearing deficit that precluded the child’s ability to complete the children were screened across 2 geo-
standardized evaluation measures; and 13 cases had missing data. STAT, Screening Tool for Autism in graphically diverse us regions, and the
Two-Year-Olds. .
screening results and PPV rates were
consistent across the 2 sites, estab-

lishing cross-validation.
Results indicate that ~54% of children

TABLE 2 Diagnostic Breakdown of Evaluation Sample

Diagnosis Positive Screens on M-CHAT+ Potential Missed Screening o
M-CHAT/F (n = 171).% n (%) Cases (1= 36), n (%) who screened positive on the M-CHAT
All ASDs and MCHAT/F presented with an ASD,
Autistic disorder 44 (25.7) 1(28) and 98% presented with clinically sig-
PDD-NOS 48(28.1) 5 (159 nificant developmental concerns warrant-
All non-ASD disorders ing int tion: theref fid that
Developmental delay 37 (216) 11 (30.6) Ing intervention; therefore, confndence tha
Developmental language disorder 18 (10.5) 6 (16.7) a positive screen on the M-CHAT and
Other DSM-IV diagnoses 529 128) M-CHAT/F warrants immediate referrals
Developmental concerns 1588 82 for evaluation and intervention is very high.
Typical development 4(2.3) 3 (8.3)
a The 6 children who screened positive on a high number of items on the M-CHAT and were offered an evaluation without AlthOUgh the M_CHAT does not detect _ASD at
completing the M-CHAT/F are included in the positive screen sample. the current 1in 88 pr‘evalence rate? it was
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TABLE 3 Children with a Screen-Positive M-CHAT Score Who Continued to Screen Positive After M-

CHAT/F
M-CHAT Continued to Screen Total, n Percentage of Children Who
Total Score Positive After M-CHAT/ Continued to Screen
F (Evaluation Positive After M-CHAT/F
Needed), n
No Yes
2° 12 4 16 25
3 609 38 647 59
4 241 38 279 136
5 92 26 118 22
6 41 37 78 474
7 9 23 32 719
8 10 22 32 68.8
9 2 18 20 90
10 2 14 16 87.5
11 3 14 17 82.4
12 1 9 10 90
13 0 10 10 100
14 0 6 6 100
15 0 6 6 100
16 0 1 1 100
17 1 2 3 66.7
18 0 3 3 100
19 0 1 1 100
Total 1023 272 1295

a Children in this sample who failed 2 M-CHAT items failed 2 of the 6 critical items. This result may be why the percentage of

children who continued to screen positive after the M-CHAT/F (25%) is higher for the M-CHAT total score of 2.

TABLE 4 Positive Predictive Value of M-CHAT and M-CHAT/F

ASD Diagnosis

Any DSM-IV Diagnosis

Any Diagnosis +
Developmental Concerns

M-CHAT only
GSU 0.05
UConn 0.06
Combined 0.06
M-CHAT + M-CHAT/F
GSU 0.51
UConn 0.56
Combined 0.54

0.08 0.09
0.11 0.12
0.09 0.11
0.83 0.96
0.93 0.99
0.89 0.98

expected that the prevalence of ASD in
the current sample would be lower,
given the young age of the sample,
which largely precluded diagnoses of
Asperger syndrome, and the fact that
children already receiving early in-
tervention and siblings of children with
ASD (children who present with
a higher likelihood of being diagnosed
with an ASD) were excluded from the
study. In addition, we anticipate that
many of the ASD cases not evaluated in
this study were identified by the M-
CHAT screen but failed to complete
full participation in the study, because

PEDIATRICS Volume 131, Number 4, April 2013

not all families whose children initially
screened positive participated in the
clinical follow-up. Failure to follow up
on screening results and complete
a clinical evaluation remains a signifi-
cant barrier to population screening.
Despite this difficulty, the current study
evaluated 60.6% of cases who screened
positive on the M-CHAT and M-CHAT/F,
which represents a higher evaluation
participation rate than with other
screening studies.2526

This study provides several updates to
simplify the clinical use of the M-CHAT.
Assessment of M-CHAT cutoffs indicates

ARTICLE

that the M-CHAT total score cutoff (=3)
identifies the vast majority (98.9%) of
screen-positive cases and suggests
that the critical score does not improve
the performance of the tool. For ease of
scoring, it is recommended that only
the M-CHAT total score cutoff be used to
identify screen-positive cases.

Results indicate that children with an M-
CHAT score of =7 can bypass the
M-CHAT/F and be referred directly for
evaluation and intervention, because 82.2%
of children with a score of =7 continue
to screen positive after the M-GHAT/F.

M-CHAT total scores of 3 to 6 require
follow-up with the M-CHAT/F. The results
of the current study support Robins’'®
framing of the M-CHAT as a “two-step”
screening instrument consisting of an
initial screening questionnaire (step 1)
and a follow-up of positive screens with
the M-CHAT/F (step 2) for scores within
this range. Currently, the use of the M-
CHATwithout the M-CHAT/F for scores in
this range is not recommended in low-
risk samples. Of note, <10% of a low-
risk sample will require the second
step of the screening, particularly if
children with high scores (=7) are
referred immediately to evaluation and
intervention. The M-CHAT/F is brief and
is easily administered in a conversa-
tional format, which, in addition to re-
ducing the false-positive rate of the
M-CHAT, can serve to facilitate a clini-
cal discussion about behaviors in-
dicating possible ASD between parents
and clinical providers.

Data from this study negate concerns
about the potential negative impact of
false-positive cases. Results indicate that
98% of M-CHAT and M-CHAT/F screen-
positive cases presented with a diagnos-
able disorder or developmental concerns
requiring a referral to early interven-
tion, which indicates that following up
with screen-positive cases is not an
inefficient use of time or resources and
will not alarm families unnecessarily.
When discussing universal screening

e1125

Downloaded from pediatrics.aappublications.org at Georgia State University on March 27,2013


http://pediatrics.aappublications.org/

for ASD, it is important to acknowledge
that it may not be feasible to develop
a screening instrument with a high
sensitivity for ASD that does not also
identify children with other de-
velopmental delays due to symptom
overlap between diagnoses and the
heterogeneity of symptom presentation
in ASD. Therefore, it is essential to ex-
amine the PPV for ASD and for all de-
velopmental delays or concerns.26

The best age for autism screening is an
ongoing debate, and the AAP currently
recommends autism-specific screen-
ing at both 18 and 24 months of age. This
topic is beyond the scope of the current
article; however, our research group is
currently exploring this question in
a separate project.

The largest limitation of the screening
study is the possibility of missed
screening cases. Due to resource limi-
tations, the study was unable follow up
with all screen-negative cases and as
a result there was no way to detect all
cases of ASD. In addition, itisimportantto
note that screening negative on the M-
CHAT does not rule out the possibility
of other delays. Future research includes
validation of an electronic version of the
M-CHAT with automatic computerized
scoring to simplify scoring for clinical
providers.

CONCLUSIONS

The current study provides empirical
support for the utility of population-
level screening for ASD by using the
M-CHAT in the primary care setting.
Results suggest that the M-CHAT con-
tinues to be an effective screening in-
strument for ASD, particularly when
the 2-step screening process is used.
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Screening with the M-CHAT has the po-
tential to greatly reduce the age at di-
agnosis, facilitate early intervention, and
optimize long-term prognosis; children
screened with the M-CHAT in the current
study were diagnosed >1 year earlier
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than the current median age at diag-
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a widely used screening instrument in
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consistent with the autism screening
guidelines outlined by the AAP.
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