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Abstract Autism spectrum disorders (ASD) often go
undetected in toddlers. The Modified Checklist for Autism
in Toddlers (M-CHAT) was used to screen 3,793 children
aged 16-30 months from low- and high-risk sources;
screen positive cases were diagnostically evaluated. Re-
screening was performed on 1,416 children aged 42—
54 months. Timel Positive Predictive Value (PPV) was .36
for the initial screening and .74 for the screening plus
follow-up telephone interview; values were similar for
Time2 PPV. When separating referral sources, PPV was
low for the low-risk sample but acceptable with the follow-
up telephone interview. Children with ASD from the low-
risk and high-risk samples were highly similar. Results
indicate that the M-CHAT continues to be a promising
instrument for the early detection of ASD.
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Introduction

Autism spectrum disorders (ASD) constitute a group of
severe disorders of development, disrupting social rela-
tionships, communication, play, academic skills, and
usually leading to life-long disability. ASD affects up to 60
children in 10,000 (Baird et al. 2000; Bertrand et al. 2001;
Chakrabati and Fombonne 2001; Charman 2002; Fo-
mbonne 2003; Fombonne et al. 2006) or even more (Baird
et al. 2006).

Autism can be difficult to detect in very young children,
who are often referred for evaluation later than would be
optimal. The average age at which parents first report
concerns is generally reported to be around 17-18 months
(and most recent data has first parent concerns at an
average of 14—15 months, with a significant number below
age 11 months, see Chawarska et al. 2007) but most chil-
dren are not diagnosed until age 4 or even later, especially
urban, low socio-economic status children (see review by
Gray et al. 2006). Clear evidence exists, however, that
early detection and subsequent early intervention can lead
to substantially better prognosis, including improved lan-
guage, social relationships, and adaptive functioning, as
well as fewer maladaptive behaviors, which increases the
chance of successful inclusion in public education (Eaves
and Ho 2004; Harris and Handleman 2000). To facilitate
early diagnosis, standardized early screening, in addition to
ongoing developmental surveillance, is essential (AAP
2006).

Autism-Specific Screening

Developmental surveillance is a continuous process
undertaken by pediatric providers whereby professional
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observations are incorporated into decision-making about a
child’s developmental needs (Glascoe and Dworkin 1995;
Glascoe 2005). In the context of ongoing pediatric sur-
veillance, however, the use of standardized screening
instruments can increase the accuracy of detection of
developmental disorders; the use of more informal, non-
validated strategies leads to an unacceptably low sensitivity
of 20-30% (Earls and Hay 2006; Sand et al. 2005).

An important question is whether to conduct autism-
specific screening for the entire population (low-risk
screening), or only after broad developmental surveillance
or screening with general instruments such as the Parents
Evaluation of Developmental Status (PEDS; Glascoe
2001), which could be considered high-risk screening. The
American Academy of Pediatrics recently published
guidelines (AAP 2006) endorsing autism-specific screening
for all children at 18 months, but did not endorse any
particular screeners, making the development of these
instruments more pressing. It appears that most American
pediatricians (82%) routinely screen for general develop-
mental delays (although more than half used inadequately
validated procedures), but only 8% reported screening for
ASD (dosReis et al. 2006). Several autism-specific
screening tools appropriate for young children have been
published. However, further research on most instruments
is still under way. Recent reviews can be found in Dumont-
Mathieu and Fein (2005), Mawle and Griffiths (2006),
Gray and colleagues (2006), and Robins and Dumont-
Mathieu (2006).

Optimal Age for Autism Screening

One barrier to early screening, and an important factor in
selecting the optimal age for screening, is doubt about the
validity of early diagnosis. A growing body of literature
indicates that a diagnosis of ASD is stable over time even
when the diagnosis is made at age 2 (Charman et al. 2005;
Cox et al. 1999; Eaves and Ho 2004; Gillberg et al. 1996;
Kleinman et al. in press; Lord 1995; Lord et al. 2006;
Moore and Goodson 2003; Stone et al. 1999; Sutera et al.
2007). While less is known about the stability of diagnosis
made under the age of 2, the desire to detect autism as early
as possible is driving ongoing research efforts to screen
children before 2 years, and even in the first year of life.
Another issue in selecting the best age for autism
screening is the age range for onset of the disorder. It is
desirable to screen as early as can be done reliably, in order
to maximize intervention opportunities. However, screen-
ing that is conducted too early may not be able to
distinguish ASD from other forms of developmental delay,
or even from typical development. Population screening at
14 months has been shown to yield many false positives
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(Dietz et al. 2006; Swinkels et al. 2006), suggesting that
universal screening should occur after that age, possibly at
an 18 month well child visit. Furthermore, approximately
30% of children with autism show a period of normal
development followed by plateau or regression (Tuchman
and Rapin 1997; Chawarska et al. 2007), and screening too
early might miss some of these later onset children. A
further factor to consider in determining the optimal
screening age is the reluctance of many parents to partic-
ipate in further screening or diagnostic evaluation when
children are as young as 14—15 months (Dietz et al. 2006).
Given the data on when an ASD diagnosis can reliably be
made, the timing of most regressive cases, and the likeli-
hood of parent (and physician) cooperation, a screening age
range of 16-30 months was selected for the M-CHAT.

Current Instrument: M-CHAT

The M-CHAT (Robins et al. 1999; Robins et al. 2001) is a
23-item  yes/no  parent report  checklist  (see
http://www2.gsu.edu/ ~ wwwpsy/faculty/robins.htm or
www.firstsigns.org for free download). It is an adaptation
of the CHAT (Baron-Cohen et al. 1992, 1996) designed for
the American healthcare system, eliminating the observa-
tion section and expanding parent report items. The format
and the first nine items are from the CHAT, with the
authors’ permission, thus embedding the parent-report
section of the CHAT. The M-CHAT does not require
physician’s observation of the child, although physicians
may “flag” an M-CHAT when they suspect possible ASD,
regardless of checklist responses. The format is simple, the
reading level is approximately 6™ grade, and no parent or
physician training is required.

Eaves et al. (2006) examined the performance of the M-
CHAT with a group of 84 children aged 2448 months
(mean age 37 months) referred for possible autism to a
specialty clinic, of whom 64% were then diagnosed with
ASD. The majority of the remaining children had more
than one diagnosis, including intellectual delay and lan-
guage disorder. Sensitivity was good: for the 2/6 critical
item score sensitivity was 77% and for the 3/23 item score
it was 92%. However, specificity was low (43% and 27%
for the two scores). Some differences in sampling and
procedure between Robins et al. (2001) and Eaves et al.
(2006) may be partly responsible for the differences
reported: (a) the Eaves et al. sample were severely affec-
ted, with a mean CARS score of 29 for the affected plus
unaffected sample together, and 64% were found to have
ASD, (b) Eaves et al. used as a cutoff 3 failed items out of
the 19 autism-related items, whereas Robins et al. (2001)
used 3 failed items out of any of the 23 items; (c) Robins
et al. used a telephone follow-up to reduce false positives,


http://www2.gsu.edu/~wwwpsy/faculty/robins.htm

J Autism Dev Disord (2008) 38:827-839

829

and (d) the Robins et al. sample was aged 16-30 months
whereas the Eaves, Wingert, and Ho sample was aged 24—
48 months. In addition, Eaves et al. report the PPV of the
M-CHAT for their sample to be .63—.68. The formula they
use for calculating PPV (correct screening cases divided by
total sample) is different from the formula used by Robins
et al. and used here (true positives divided by all screen
positive cases). When one uses that formula on their data,
PPV is .70 and .69 for the two scoring methods, which is
comparable to or better than the PPV reported by Robins
et al. (2001), which was .36 before and .68 after the tele-
phone interview for the whole screener, and .64 before and
.79 after the telephone interview for the critical items.

Eaves and colleagues (2006) point out that sensitivity,
which is good especially for the total score, may be more
important than specificity, especially in initial, low-risk
screening, but suggest that the M-CHAT may have insuf-
ficient specificity for identifying autism in high-risk
samples already suspected of autism. However, Fine et al.
(2005) used the M-CHAT successfully to screen children
with 22q11.2 deletions for autism. Ventola et al. (2007)
examined a group of children with ASD and other devel-
opmental disorders who had all screened positive on the M-
CHAT. Eleven of the 23 items differentiated the ASD and
non-ASD groups; after controlling for language level, four
items remained different between the groups, all relating to
joint attention.

The M-CHAT (and the CHAT) were translated into
Chinese, and tested on a sample of 212 children with
mental ages 18-24 months, about half of whom were
diagnosed with ASD (Wong et al., 2004). The 7 most
discriminating items were largely overlapping with, but not
identical to, the 6 critical items on the M-CHAT identified
by Robins et al. (2001). Using a cut-off of failing 2 of these
7 items produced a sensitivity of .93 and a specificity of
.77, whereas failing any 6 of the 23 items produced a
sensitivity of .84 and specificity of .85. The procedure
recommended by the authors was initial screening with the
parent report (M-CHAT) items followed by -clinician
observation for children screening positive, using the
CHAT observation items. These results are very promising
but it should be pointed out that this was not a low-risk
screening. Mawle and Griffiths (2006) review available
data and suggest that the M-CHAT has promising sensi-
tivity for population screening but that additional follow-up
data are needed on the initial sample.

Development of the M-CHAT and initial results on
1,293 children is described by Robins et al. (2001). Sub-
sequent data by other groups (Wong et al. 2004; Eaves
et al. 2006) provide support for the utility of the M-CHAT,
but key results are still lacking. These include: replication
of the initial results (including PPV and internal consis-
tency) with a new sample, direct comparison of the high-

risk versus low-risk children detected by the M-CHAT, and
follow-up of the children to an age when diagnosis is more
certain. The present paper reports additional data on the M-
CHAT, to address the following questions:

Study 1: Replication Study. We report M-CHAT data on
3793 new cases in order to replicate: (a) positive predictive
power from the checklist alone, and from the checklist plus
the telephone interview, and (b) internal consistency reli-
ability. The Robins et al. (2001) paper did not have a
sufficient sample of children with ASD from high- versus
low-risk sources to examine any differences between them.
The present paper (c) examines key variables for the low-
risk vs. high-risk sample to determine if the children with
ASD detected by the M-CHAT from the general population
differ from those from a high-risk referral sample; analyses
examine differences on these developmental and diagnostic
variables for low-risk ASD, low-risk non-ASD, high-risk
ASD, and high-risk non-ASD. We also report positive
predictive value (PPV) for the low and high-risk groups
separately. Finally, (d) several procedures were used to
identify children with ASD who might have been missed
by the M-CHAT; we report on the characteristics and
diagnoses of these potential misses.

Study 2: Follow-up study. Follow-up data have been
obtained from 1416 children screened with the M-CHAT at
16-30 months and followed up around the age of 4 years,
with two aims: (a) The present paper relates the child’s M-
CHAT scores at Time 1 (16-30 months) to a final diag-
nosis at Time 2 (4 years old), to estimate PPV based on a
later diagnosis. (b) We also describe efforts to ascertain
missed cases at age 4, to estimate the number of missed
cases at age 2.

Study 1: Replication
Methods
Participants

Participants were a total of 3,793 new cases, drawn from
one of two sources. The low-risk sample (n = 3,309)
consisted of children screened during well-child care visits
at their pediatrician’s office. The high-risk sample
(n = 484) was screened during intake with an early inter-
vention service provider or because of referral from a
developmental pediatrician or psychologist.

An additional 73 children were screened but are not
included in the final sample of 3,793, because: (a) they had
already received a diagnosis of an ASD or other disorder
prior to screening, (n =2), (b) they were older than
30 months or younger than 16 months when their caregiver
filled out the screener (n = 36), (c) they had severe
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physical impairments that prevented the use of standard-
ized evaluation instruments (e.g., blind, deaf, unable to sit
independently; n = 4), or (d) they did not complete all of
the components of the study they qualified for (telephone
interview, evaluation), due to refusal or missing contact
information (n = 31).

Table 1 presents sex distribution, age, and mean number
of items failed after the M-CHAT and after the telephone
interview for the low-risk, high-risk, and combined
samples.

Materials

The Modified Checklist for Autism in Toddlers (M-CHAT;
Robins et al. 2001) is a 23-item yes/no parent report
screener for ASD. Screening positive (hereafter called
“failing”) on the screener is defined as failing any three
items, or any two of six critical items (items 2, 7, 9, 13,
14, 15). Failed items are reviewed in a follow-up tele-
phone interview; if the child still fails the screening, the
family is offered a free developmental and diagnostic
evaluation.

Diagnostic instruments include the Autism Diagnostic
Interview-Revised (ADI-R; Lord et al. 1994), Autism
Diagnostic Observation Schedule (ADOS; Lord et al.
1999), and the Childhood Autism Rating Scale (CARS;

Table 1 Characteristics of Study 1 replication sample

Schopler et al. 1988). This study used the ADI-R Toddler
version, obtained from the instrument’s author. This is an
experimental edition of the widely used parent interview
containing additional questions relating to early childhood
behaviors and eliminating questions designed for use with
older children, for example those relating to certain peer
interactions. The algorithm items are the same as on the
published ADI-R. The ADI-R and CARS classify children
with autism or non-autism, and the ADOS also includes a
classification for autism spectrum.

Clinical judgment by experienced clinicians is consid-
ered to be the “gold standard” for autism diagnosis
(Volkmar et al. 2005). In the current study, the clinicians
used the DSM-IV criteria for Autistic Disorder (APA 1994)
for their clinical judgment to diagnose Autistic Disorder,
PDD-NOS or as not on the autism spectrum. Children not
on the autism spectrum could be given a diagnosis of
language disorder, global developmental delay, or other
condition. “No diagnosis” was given if the child was
showing apparently typical development.

Other measures included the Mullen Scales of Early
Learning (Mullen 1995), a standardized assessment of
cognitive functioning and the Vineland Adaptive Behavior
Scales (VABS; Sparrow et al. 1984), a widely used parent
interview assessing adaptive functioning in the areas of
communication, daily living, socialization, and motor
skills.

Mean (SD) Low-risk High-risk Total F

Range n = 3309 n =484 n =3793

Male 1,649 354 2,003 N/A

Female 1,621 122 1,743 N/A

Sex not reported 39 8 47 N/A

Age in months at screening 20.53 (3.006) 24.25 (3.60) 21.01 (3.37) 576.56%*
16.00-30.85 16.23-30.62 16.00-30.85

M-CHAT total items failed .85 (1.35) 4.21 (4.98) 1.28 (2.44) 990.53%*%*
0-19 0-19 0-19

M-CHAT critical items failed .10 (.45) 1.44 (1.95) 27 (.92) 1168.24**
0-6 0-6 0-6

Age in months at telephone interview* 22.71 (3.83) 25.63 (3.85) 24.09 (4.05) 53.88%*
17.51-36.01 16.62-34.07 16.62-36.01

M-CHAT total items failed for screen positive cases* 4.50 (2.91) 8.84 (4.44) 6.74 (4.35) 130.21%*
2-19 2-19 2-19

M-CHAT critical items failed for screen positive cases* 1.04 (1.33) 3.19 (1.83) 2.15 (1.93) 177.42%*
2-6 0-6 0-6

Telephone interview total items failed* 1.51 (3.11) 5.26 (4.92) 3.41 (4.53) 82.12%*
0-19 0-18 0-19

Telephone interview critical items failed* 52 (1.21) 1.99 (1.95) 1.26 (1.79) 80.82%*
0-6 0-6 0-6

* n for telephone interview is 189 low-risk, 196 high-risk, and 385 total

# p < 01
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Procedure

A flow chart of how participants moved through Studies 1
and 2 is shown in Fig. 1.

Screening at Time 1. For the low-risk sample, physicians
in Connecticut, southern Massachusetts, and Rhode Island
were recruited to participate in the study. Physicians were
recruited through mass mailings, direct contact between an
investigator and a pediatrician, and through contacts by the
Hezekiah Beardsley Connecticut chapter of the American
Academy of Pediatrics. Physicians’ offices (n = 162) par-
ticipated in data collection by giving the M-CHAT to
caregivers accompanying children to a well child visit
between the ages of 16 and 30 months.

Although the M-CHAT was designed primarily to be used
as a screening test with an unselected population, a high-risk
group was added in order to obtain a larger sample of chil-
dren diagnosed with an ASD. None of the children in the
high-risk sample had received a diagnosis or had received
more than minimal services (1-2 h per week) for a short
time. The State of Connecticut’s early intervention program,
Birth-to-Three, invited offices statewide to participate, and
several early intervention sites in Massachusetts also par-
ticipated. Sixty-two early intervention offices participated in
data collection. Several psychologists and developmental
pediatricians also participated in the screening process,
referring children for whom, as with the early intervention
providers, there were general developmental concerns but no
diagnosis had yet been made.

M-CHAT screening checklists for both groups were
returned to the investigators for scoring. The telephone

interview was administered to a caregiver of any child who
failed the screening. The interview reviewed all failed
items, following a script that asked for specific examples of
behaviors and offered multiple examples against which to
judge whether the child passed or failed the item. If the
child failed the M-CHAT interview, the family was invited
to bring the child for a free developmental/diagnostic
evaluation.

In order to detect children with possible ASD who did
not fail the M-CHAT, the screeners had a box labeled “for
office use only” that provided the health care professional
with the opportunity to indicate concern about possible
ASD. When screeners were so flagged, the child was
invited for an evaluation, regardless of the M-CHAT score.
Any such flagged child who received an ASD diagnosis
would be considered a missed case.

Evaluations at Time 1. A total of 203 children received a
diagnostic evaluation (see Table 2) if they (a) failed the M-
CHAT and follow-up telephone interview (n = 185), or (b)
passed the M-CHAT but were flagged by the health care
provider (n = 6) or failed another screening instrument
under development (Yale Screener) (n = 12). Ethnicity data
were available for 79% of the sample: 91% were Caucasian,
3% were African American, 2% were Asian, and 4% were
Hispanic. The families had a mean maternal education of
13.2 years, a mean paternal education of 14.7 years, and an
average household income of $40,000-$60,000.

Diagnostic evaluations took place at the child’s home
(n = 1), at the early intervention office (n = 11), at the
University of Connecticut Psychological Services Clinic
(n = 174), and at the Yale Child Study Center (n = 17). A

Fig. 1 Figure represents the
process by which children
moved through the study from
Time 1 to Time 2

Screener |— Passed —

Failed

Passed

Phone Followup

Failea

Evaluation

Time One (16-30 months)

Time Two (42-54 months)

ASD
Question or
Failed Yale
Screener,

Physicial
Flag or
Failed Yale
Screener,

Re-Screener |— Passea —*

Falied Passed

Passed

Finished with

*| Re-Evaluation

Study
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Table 2 Time 1 evaluated sample of children with failed M-CHAT (n = 185)

Mean (SD) Low-risk non-ASD High-risk non-ASD Low-risk ASD High-risk ASD F
Range n=11 n =37 n =20 n=117
Demographic variables
Age in months at evaluation 24.79 (3.45) 27.28 (4.00) 27.19 (4.84) 26.65 (4.58) 952
22.47-27.10 25.89-28.68 24.79-29.60 25.80-27.51
Male 9 30 16 97 N/A
Female 2 7 4 20 N/A
Evaluation measures
ADI-R total 13.73%"¢ (8.20) 21.73° (9.93) 25.00 (3.90) 27.90 (7.53) 12.46%*
ADOS AB score 6.55"¢ (4.40) 6.10%¢ (3.85) 15.50 (4.12) 15.80 (4.28) 46.89%*
CARS total 22.23%¢ (2.75) 24.77%¢ (4.60) 31.72 (5.55) 32.60 (4.69) 32.50%*
DSM-1V # symptoms 1.27*¢ (1.27) 3.06%° (2.27) 5.61 (1.54) 6.18 (1.88) 37.88%*
Mullen VR! 38.60°° (14.92) 33.03 (12.42) 27.41 (11.27) 27.84 (9.22) 4.48%*
Mullen FM 34.00 (10.59) 33.50 (15.12) 27.71 (9.81) 28.23 (10.21) 2.25
Mullen RL 32.00% (13.74) 28.22° (11.64) 22.53 (5.72) 21.83 (5.05) 8.76**
Mullen EL 32.70 (13.12) 31.14 (11.73) 23.19 (4.17) 24.02 (6.49) 8.20
Mullen ELC 86.67*"¢ (27.77) 69.75%¢ (20.65) 56.31 (10.03) 58.01 (9.88) 14.80%**
VABS? communication 74.36°¢ (8.39) 71.48%¢ (10.14) 64.33 (5.93) 65.22 (6.32) 10.40%*
VABS daily living 74.18 (9.57) 70.88 (7.64) 68.83 (6.41) 68.49 (8.42) 2.15
VABS socialization 78.36™° (10.81) 74.88%° (9.15) 67.11 (7.14) 68.01 (7.94) 10.02%%*
VABS motor 77.45 (13.83) 82.78 (12.77) 82.00 (11.27) 82.56 (11.72) .625
VABS ABC 70.70 (10.34) 76.28° (36.62) 65.33 (5.59) 65.36 (6.36) 3.33*

* Group difference between Low-Risk non-ASD and High-Risk non-ASD

® Group difference between Low-Risk non-ASD and Low-Risk ASD
¢ Group difference between Low-Risk non-ASD and High-Risk ASD
9 Group difference between High-Risk non-ASD and Low-Risk ASD
¢ Group difference between High-Risk non-ASD and High-Risk ASD

*p < .05
#* p < 01

! Mullen Scales of Early Learning; VR = Visual Reception, FM = Fine Motor, RL = Receptive Language, EL = Expressive Language,

ELC = Early Learning Composite

2 Vineland Adaptive Behavior Scales; ABC = Adaptive Behavior Composite

team of investigators performed the evaluations, including
one licensed clinical psychologist or developmental pedi-
atrician specializing in autism, one graduate student, and
one research assistant videotaping the session. One of the
team members collected history information and completed
the caregiver interviews while the other member of the
team evaluated the child. Blind assessment was not con-
sidered possible as all children presenting for an evaluation
either had failed the M-CHAT, been flagged by their health
care provider with possible autism concerns, or been flag-
ged by another screener under development.

In addition to the instruments listed above, a full history
of the child was also taken during an interview with the
parents. Caregivers were provided with verbal feedback on
the day of the evaluation and received a written report
several weeks later, with treatment recommendations.

@ Springer

The screening and evaluation procedures were approved
by the University of Connecticut and Yale University
School of Medicine Institutional Review Boards.

Results

Replication of Positive Predictive Value (PPV)
of Screening

The positive predictive value (PPV) for the initial screen-
ing was calculated as the proportion of children failing the
M-CHAT who were diagnosed with an ASD. For the entire
sample, 385 children failed the initial screening, and 137 of
these children ultimately received a diagnosis of ASD,
yielding a PPV of .36, with a 95% confidence interval of
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.31 to .40. This compares to a value of .36 obtained by
Robins et al. (2001) on the original, non-overlapping
sample of 1,293 children. When examining results for the
M-CHAT and telephone interview combined, 185 children
failed both the screener and telephone follow-up and 137 of
these were diagnosed with an ASD, yielding a PPV of 0.74,
with a 95% confidence interval of .68 to .80. This compares
to a value of .68 as obtained by Robins et al. (2001).

Replication of Internal Consistency

Cronbach’s alpha was used to determine the internal con-
sistency for the 23-item M-CHAT as well as the subset of
six critical items for the current sample. Internal reliability
was adequate for both the entire screener and for the six
critical items, alphas = .85 and .84, respectively. This is
consistent with the finding of Robins et al. (2001) who
found the internal consistency for the entire screener and
for the six critical items to be alphas of .85 and .83,
respectively.

Comparison of Low-versus High-Risk Samples

General characteristics. Table 1 lists the mean, standard
deviation, and range for age of the samples and M-CHAT
scores, with and without the telephone interview. The high-
risk sample is significantly older both at the time of their
initial screening and telephone follow-up than the low-risk
sample. As would be expected, they also fail significantly
more total and critical items both on the screener and
telephone follow-up than the low-risk group; this remains
true when only those cases that qualified for the follow-up
telephone interview were included (screen positive cases).
This suggests that, as might be expected, the overall
developmental risk was lower in the unselected group,
whether considering the group as a whole, or only screen
positive cases. Note that for both groups, the mean number
of total and critical items failed is higher for the telephone
interview than for the initial screening because only chil-
dren who fail the screener go on to receive the telephone
interview. However, the telephone interview scores are
lower than the M-CHAT scores for the screen positive
cases; since parents were only questioned about failed
items, scores could only improve at the telephone
interview.

Clinical characteristics. For the 31 children from the
low-risk sample who were evaluated based on a failed M-
CHAT and follow-up telephone interview, the diagnostic
breakdown was as follows: Autistic Disorder n = 11; PDD-
NOS, n = 9; language delay, n = 4; global developmental

delay, n = 4; other diagnosis, n = 2; no diagnosis, n = 1.
For the 154 children from the high-risk sample who were
evaluated based on a failed M-CHAT and follow-up tele-
phone interview, the diagnostic breakdown was as follows:
Autistic Disorder n = 77; PDD-NOS, n = 40; language
delay, n = 17; global developmental delay, n = 13; other,
n = 6; no diagnosis, n = 1. Chi-square analyses indicated
no group differences among the low- and high-risk groups
on diagnosis, sex, ethnicity, or socioeconomic status.

Table 2 lists the means and standard deviations of the
evaluation measures for children who were evaluated based
on a failed M-CHAT and telephone interview. Children
with a diagnosis of Autistic Disorder or PDD-NOS are
included in the ASD group, and other diagnoses are con-
sidered non-ASD. Data are presented separately for low-
risk ASD, low-risk non-ASD, high-risk ASD, and high-risk
non-ASD, so that we could determine whether ASD cases
detected from the general population differ from ASD
cases from a referred sample. Analysis of variance
(ANOVA) revealed differences among the 4 groups (high
vs. low risk, ASD vs. non-ASD) on every variable except
the Mullen fine motor and expressive language scores and
the VABS daily living and motor scaled scores. Post hoc
Tukey’s test showed that the low- and high-risk ASD
groups did not differ from each other on any measure. The
two non-ASD groups differed significantly from each other
on the ADI-R total score, DSM-IV number of symptoms
endorsed, and Mullen ELC, with the high-risk group more
affected or impaired on all measures. On all measures with
the exception of the VABS motor scaled score, the ASD
groups had more impaired functioning and more severe
autistic symptomatology than the non-ASD groups.

Positive Predictive Value for Low- and High-Risk
Samples. For the low-risk sample, 189 children failed the
initial screening, of whom 20 ultimately were diagnosed
with an ASD, yielding a PPV of .11, with a 95% confidence
interval of .06 to .15. For the high-risk sample, 196 chil-
dren failed the initial screening, of whom 117 ultimately
were diagnosed with an ASD, yielding a PPV of .60, with a
95% confidence interval of .53 to .67. The PPV of the
combined sample was .36, with a 95% confidence interval
of .31 to .40. When examining results for the M-CHAT and
telephone interview combined, in the low-risk sample, 31
children failed both the screener and telephone follow-up,
of whom 20 were diagnosed with an ASD, yielding a PPV
of .65, with a 95% confidence interval of .48 to .81. In the
high-risk sample, 154 children failed both the screener and
telephone follow-up, of whom 117 were diagnosed with an
ASD, yielding a PPV of 0.76, with a 95% confidence
interval of .69 to .83. The PPV for screener and follow-up
for the combined sample was .74, with a 95% confidence
interval of .68 to .80.
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Characteristics of Children Representing Possible Misses

Of the 18 children evaluated because of referral from a
pediatrician (n = 6) or failing another autism screener
under development (n = 12), one missed case was identi-
fied. The remainder were diagnosed with language delay
(n = 10), global developmental delay (n = 3), other diag-
nosis (n = 1), and no diagnosis (n = 3).

Study 2: Follow-up
Methods
Participants

To maximize the pool of participants available for analysis
on the Time 2 testing, all participants eligible for re-
screening or re-evaluation were included, including the
new cases reported on in Study 1, and the earlier partici-
pants from the Robins et al. (2001) sample. Of the 2,469
children who were eligible for re-screening (see below for
eligibility), data have been collected from 1,416 (57%;
Table 3), of whom 1,160 were originally screened from
low-risk sites and 256 from high-risk sites. Of the 1,053
children who were eligible for re-screening but on whom
re-screening data were not collected, 1,043 did not return a
re-screener after two attempts to contact them and 10
refused a telephone interview. Of the 161 children who
were eligible for re-evaluation at Time 2, 120 (75% par-
ticipation) have been re-evaluated (Table 4). Of those not
evaluated, 20 (12%) refused to participate and 21 (12%)
could not be reached or moved away. An additional 11
children who had not been evaluated at Time 1 were
evaluated at Time 2 (see below).

Materials
The same measures were used in this study as in Study 1,

except that for children who were re-evaluated after
60 months old (n = 16), the Differential Abilities Scale

Table 3 Demographic information on Study 2 follow-up sample

Low-risk High-risk Total
n = 1,160 n =256 n=1416
Male 606 194 800
Female 542 60 602
Sex not reported 12 2 14
Age in months 59.12 (9.03) 54.89 (5.09) 58.32 (8.66)
at follow-up 4797-88.28  48.03-64.56  47.97-88.28

screening
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(DAS; Elliot 1990) replaced the Mullen. In addition, the
Short Version of the ADI-R replaced the Toddler Version.
The algorithm items used to assign diagnoses remained the
same for all versions of the ADI-R.

The M-CHAT was used to re-screen children who had
passed the screen or telephone follow-up at Time 1. This
re-screening form had an additional question that asked if
the child had ever been referred for possible ASD or
another developmental disorder or diagnosed with such
(following the procedure of Baird et al. 2000 to identify
missed cases).

Procedure

Screening at Time 2. Children who did not receive an
evaluation at Time 1 because they passed the initial
screening or the follow-up telephone interview were
mailed a second M-CHAT approximately 2 years after the
initial screening. If they did not return this mailing, an
additional mailing was sent out within six months of the
first mailing. All children who failed the re-screener
received a follow-up telephone call to confirm their
responses, as at Time 1.

Evaluation at Time 2. Children received a diagnostic
evaluation at Time 2 if they (a) had received a diagnostic
evaluation at Time 1 due to failed M-CHAT and telephone
follow-up, or referral by the pediatrician or other screener
under development, regardless of their diagnosis (n = 120),
(b) failed the re-screener M-CHAT and telephone inter-
view (n = 8), or (c) passed the re-screener but indicated
they had been referred for possible ASD or developmental
delay in the time between screenings (n = 3). Thus, the
total number of children evaluated at Time 2 to date is 131.
Diagnostic evaluations took place at the child’s home
(n=4), at the early intervention office (n = 1), at the
University of Connecticut Psychological Services Clinic
(n = 125), and at the Yale Child Study Center (n = 1). At
Time 2, children with a diagnosis of Autistic Disorder,
PDD-NOS, or Asperger’s Disorder were classified as ASD.
Table 4 lists the demographic information and evaluation
data for the ASD and non-ASD children. The children
diagnosed with ASD did not differ in age or sex from the
children not diagnosed with ASD, but the ASD group were
more impaired on all developmental and diagnostic
severity measures, except for DAS measures, probably
because of low sample size.

Differential attrition was examined by comparing all
variables for the Time 1 group who were re-evaluated at
Time 2 (n = 120) to the Time 1 group who did not return
for re-evaluation at Time 2 (n = 41). There were no sig-
nificant differences (or trends) for age, sex, or any
developmental or clinical variable. In examining attrition
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ST;:;;‘I’: Time 2 evaluated Mean (SD) Non-ASD ASD F
n=>5I n =80
Demographic variables
Age in months at evaluation 55.87 (8.01) 52.17 (8.01) N/A
50.34-65.40 46.12-64.00
Male 42 71 N/A
Female 9 9 N/A
Evaluation measures
ADI-R total 10.67 (9.93) 19.84 (14.12) 12.92%
ADOS AB score 3.30 (3.67) 11.28 (5.70) 34.85%%
CARS total 20.50 (4.49) 33.17 (5.39) 131.23%x
DSM-IV # symptoms 1.52 (1.40) 6.78 (2.12) 134.97%x*
Mullen VR® (n = 115) 48.13 (17.13) 27.26 (13.57) 28.69%*
w5 p < 01 Mullen FM 38.35 (15.74) 26.51 (10.08) 13.32%%
4 Mullen Scales of Early Mullen RL 41.12 (14.45) 24.58 (7.15) 35.81%*
Learning; VR = Visual Mullen EL 40.08 (12.05) 24.78 (7.78) 36.12%%
Reception, FM = Fine Motor,
RL = Receptive Language, Mullen ELC 87.55 (25.92) 58.28 (14.48) 31.89%*
EL = Expressive Language, DAS NV® (n = 16) 89.33 (19.37) 79.38 (21.88) 3.17
ELC = Early Learning DAS V 82.89 (15.24) 70.75 (18.86) 1.61
f‘]’;‘i‘;’f:::ﬁal Abilies Seale DAS GCA 85.22 (30.45) 74.00 (20.23) 101
V = Verbal, NV = Nonverbai, VABS® communication 85.88 (18.53) 63.00 (15.75) 48.50%*
GCA = Global Composite of VABS daily living 77.90 (17.07) 57.75 (8.70) 47.21%%*
Abilities VABS socialization 83.11 (14.35) 62.40 (10.41) 66.19%*
° Vineland Adaptive Behavior VABS motor 82.72 (19.52) 68.81 (15.85) 16.36%*
Scales; ABC = Adaptive VABS ABC 78.71 (16.68) 58.78 (10.66) 4382

Behavior Composite

by diagnosis, 94 of the 120 Time 1 children with ASD
returned (78%), whereas 26 of the 41 non-ASD children
returned (63%), (Fisher’s exact test ns). Ethnicity data were
available for 135 of the 161 children eligible for re-eval-
uation (84%); 104 of 119 Caucasian children (87%)
returned for re-evaluation, whereas 12 of 16 non-white
children (75%) returned for re-evaluation (Fisher’s exact
test ns).

Results

For the 131 children who were evaluated at Time 2, the
diagnostic breakdown is as follows: Autistic Disorder
n = 60; PDD-NOS, n = 18; Asperger’s Disorder, n = 2;
language delay, n = 13; global developmental delay,
n = 12; other, n = 14; no diagnosis, n = 12.

Positive Predictive Value (PPV) at Time 2

Based on the screening results at Time 1 and the evaluation
outcome at Time 2 as described above, 76 of 201 children
who failed the initial screening (without telephone inter-
view) were diagnosed with ASD, for a PPV of .38, with a

95% confidence interval of .31 to .45. For the combined
screening plus telephone interview, 73 of 124 children who
failed the screening were diagnosed with an ASD, for a
PPV of 0.59, with a 95% confidence interval of .50 to .68.

Time 2 Misses

A miss was defined as a child who passed the screener or
telephone interview at Time 1, and was diagnosed with
ASD at Time 2. Children representing possible missed
cases who were old enough for Time 2 evaluations were
ascertained from the following sources: (a) children flag-
ged by their health care provider at Time 1 (n = 3), (b)
children who failed another screener under development at
Time 1 (n = 1), (c) children who failed the M-CHAT at
Time 2, but not Time 1 (n = 8), and (d) children who
passed the M-CHAT but were referred for possible ASD or
developmental disorder by Time 2 (n = 3), for a total of 15
possible missed cases. All of these children were evaluated:
7 were diagnosed with an ASD, 1 with global develop-
mental delay, 3 with language delay, and 4 were given no
diagnosis.

The 7 missed cases of ASD were compared on Time 2
variables to the 73 children with ASD who were not

@ Springer



836

J Autism Dev Disord (2008) 38:827-839

missed, that is, who were detected at Time 1 with the M-
CHAT. There were no significant differences on age, sex,
ADI-R, ADOS, CARS, number of DSM-IV symptoms,
Vineland Socialization or Vineland Motor scores. The
missed cases were significantly higher functioning on
Vineland Communication (mean standard score 74 vs. 63),
F(1, 79) = 6.03, p < .05, Vineland Daily Living (71 vs.
58), F (1, 79)=20.09, p < .01, Vineland Adaptive
Behavior Composite (68 vs. 59) F (1, 79) = 7.85, p < .01,
and DAS Verbal score (79 vs. 71), F (1, 79) = 8.72,
p < .05.

Discussion

The purpose of the current study was to continue validating
the M-CHAT as a screener for autism in young children.
For the total sample, figures for PPV are very close to the
original PPV’s reported in Robins et al. (2001). Positive
predictive value (PPV) for screening and diagnosis at Time
1 (16-30 months) was .36 = .05 for the M-CHAT alone
and .74 + .06 for the M-CHAT plus telephone interview,
indicating that the telephone follow-up is a critical step in
eliminating false positives and improving the PPV. This
was especially true of the low-risk, general population
sample, where PPV of the M-CHAT alone was only
A1 = .05, but jumped to .65 = .17 when including the
telephone interview. Thus, PPV for the M-CHAT alone is
unacceptably low for the low-risk sample, but increases to
an acceptable level with the telephone follow-up. This
suggests that pediatric practices screening low-risk chil-
dren should have someone available to review answers,
either on site or on the telephone, to avoid unnecessary
referrals and parent concern. The telephone follow-up,
while still improving the PPV, is less crucial for the high-
risk sample, for whom PPV was .60 + .07 for the M-CHAT
alone, and .76 + .07 for the M-CHAT plus telephone
interview. Furthermore, the threshold for failing the
screener was set low to avoid as many misses as possible,
at the expense of positive predictive power; practitioners
should be aware of this fact and might consider an inter-
mediate type of evaluation, such as the Screening Tool for
Autism in 2-Year-olds (Stone et al. 2004), or their own
clinical assessment, before referring children with a bor-
derline score for a full, specialized work-up.

The PPV for screen at Time 1 predicting to diagnosis at
Time 2 (age 4) was .38 + .07 for the screening alone, and
.59 + .09 for the screening plus telephone follow-up. Thus,
the PPV of the initial screener is about the same for con-
current and predictive diagnoses, but the PPV of the
screening plus telephone follow-up is lower for diagnosis
2 years later, but still in the acceptable range. In addition,
most of the children who screened positive were diagnosed
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both at Time 1 and Time 2 with a developmental delay or
disorder of some kind, and needed intervention referrals.
At Time 2, however, 12 children did not meet criteria for
any diagnosis; whether these children were falsely diag-
nosed at Time 1, or had improved because of maturation or
early intervention, is not possible to determine. Kleinman
et al. (in press) examined the question of diagnostic sta-
bility in this sample, and Sutera et al. (2007) investigated
Time 1 characteristics of children who apparently moved
off the spectrum by Time 2. They found that the children
who moved off the spectrum were very similar at Time 1 to
those who remained on the spectrum, with significantly
better motor skills and a trend toward higher 1Q and higher
daily living skills, but similar on all other clinical and
demographic variables. Thus, it seems likely that the
children with excellent outcomes would have been hard to
distinguish at Time 1 from the children who stayed on the
autism spectrum.

It should be noted that the “telephone interview” does
not need to be done on the telephone; it can be done on site
in the physician’s office following scoring of the initial
screener, to clarify responses, or on the telephone follow-
ing the visit in which a parent completed the M-CHAT.
The telephone interview is available from the authors at the
University of Connecticut. It should also be noted that if a
child fails a large number of items on the initial screening
(8 or more), a telephone follow-up may not be necessary,
since the child is highly likely to still screen positive and a
more detailed evaluation can be immediately
recommended.

The M-CHAT was found to be internally consistent, as
was the subset of the six most discriminating items (critical
items) as defined in Robins et al. (2001). Internal consis-
tency figures on the current sample were very similar to
those reported by Robins et al. in the original, non-over-
lapping sample. Note, however, that there is no evidence
that the six critical items would retain this reliability if they
were disembedded from the rest of the screener.

The low-risk, general population sample of children
evaluated was large enough in the current dataset to com-
pare to the high-risk sample. M-CHAT total and critical
scores were higher for the high-risk group; this difference
remained significant when only the screen positive children
were compared. This may explain the large improvement
in PPV in the low-risk sample when the telephone inter-
view is added: when scores are at the low end of the screen
positive range (e.g., total of 3 or 4), it is more likely that the
follow-up interview will change a child’s classification to
screen negative. In contrast, when the total score is higher,
as it tended to be in the high-risk group, more items would
need to be passed during the interview in order to change a
child’s status to screen negative; therefore, change in
screen status is less likely. Hence, the difference between
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PPV before and after telephone interview was small for the
high-risk group, but large for the low-risk group.

Among those evaluated, children not diagnosed with
ASD were generally more impaired if they came from the
high-risk sample, which would be expected since they had
already been referred for early intervention services. On the
other hand, high- and low-risk groups with ASD were not
found to be different on any demographic or clinical
measure. Thus, although the M-CHAT operates differently
in the high- and low-risk samples (different PPV’s, dif-
ferent non-ASD children screening positive), it identified
similar children with ASD from the two sources. It was
interesting to note that the four groups (high- and low-risk
ASD, high- and low-risk non-ASD) did not differ on
expressive language, suggesting that expressive language
appears to be a nonspecific symptom of developmental
delay at this age, and is thus a weak discriminator among
such disorders.

Eighteen children were identified as possible missed
cases at Time 1 and evaluated, based on failing an addi-
tional screener under development or their health care
provider indicating concern. Only one of these received a
diagnosis of ASD. At Time 2, 15 children were identified
as having possibly been missed at Time 1 screening, based
on failing the M-CHAT at Time 2, health care provider
concern at Time 1, or a referral for possible ASD by Time
2. Seven of these children were confirmed with ASD upon
evaluation. Thus, of the total of 80 children diagnosed with
ASD at Time 2, 7 had been missed by the M-CHAT at
Time 1 (9%). Since it is not possible to determine how
many children were missed at either time point without
evaluating all the screen-negative children, which was
beyond the resources of the study, this value of 91% of
children detected could be regarded as an upper bound of
sensitivity. This is consistent with the existing sensitivity
figures for the M-CHAT, which estimated it as .77-.92
(Eaves et al. 2006) and .84-.93 (Wong et al. 2004), (but
with high-risk samples only).

There are a number of limitations to the current study.
The most significant problem lies in the potential for
missed cases. There is currently no feasible method to
detect all possible missed cases. Participation is voluntary,
and the American healthcare system does not have the
surveillance procedures in place to identify all children
from the study who may receive a later ASD diagnosis. In
addition, the M-CHAT is designed to detect children with
Autistic Disorder or PDD-NOS who would be detectable
around age 2, and would therefore be likely to miss some
children with Asperger’s Disorder, or those with high
functioning autism who might not be detectable until later
in childhood. In fact, the missed cases we did detect were
higher functioning than the detected ASD cases on several
developmental variables. Some caregivers may avoid

filling out the Time 2 screener, which was the major way of
finding missed cases, because of concerns about their child.
Caregivers may also fill out the screener but under-report
symptoms. At the Time 1 screening, this problem is
potentially avoided by having the health care provider flag
screeners for whom they suspect ASD. Despite this added
procedure, the number of missed cases is not possible to
determine with any certainty. An epidemiological study in
which a large population is screened at age 2, and then
tracked into the school years, to an age at which ASD is
likely to have been detected in all children, would be the
best way to determine the true sensitivity, specificity, and
NPV of the screener, but this large effort was beyond the
scope of our resources.

Parents may be less likely to come in for an evaluation
at Time 2 than at Time 1 especially if their child has
already been diagnosed and is receiving services with
which they are satisfied. This has been a problem not only
for ascertaining the missed cases, but also in re-evaluating
the children who were seen at Time 1 for stability of
diagnosis. A future direction of study is to include strate-
gies to increase participation at Time 2, especially for those
children who qualify for evaluations; another avenue is
developing means of gathering data from those who do not
wish to come for an in-person evaluation at Time 2, such as
review of their medical and educational records, and
obtaining data from parents and teachers/service providers.

In addition, the demographics of the screened sample
indicate a sample skewed toward the upper SES range.
Although there were minority and low-income families in
the current sample, efforts are being made to increase the
representation of these families by increasing the screening
at large urban clinics. Although differential attrition was
not found in the current study, either by Time 1 diagnosis
or ethnicity, this will have to be reassessed with a larger
sample.

In calculating the Positive Predictive Value from
screening at Time 1 to diagnosis at Time 2, a false positive
was any child who failed the MCHAT at Time 1 and was
not diagnosed with an ASD at Time 2. It is important to
note that some children identified as false positives in this
way may in fact have been accurately identified as having
an ASD at Time 1, but did not retain the ASD diagnosis
after 2 years of intensive intervention; in the current study,
treatment successes cannot be differentiated from children
misdiagnosed at Time 1.

An additional limitation was that blind assessment was
not possible. Although we attempted to keep the clinician
who tested the child blind at Time 2 to diagnosis at Time 1,
the parents frequently discussed the child’s prior evaluation
or intervention services with this person, so this attempt
was not very successful. There was no attempt to keep the
clinician who interviewed the parent blind to prior
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diagnosis, since discussion of intervention was considered
clinically crucial. In addition, since the M-CHAT results
often were discussed at the evaluation, the number of failed
items was apparent. Diagnosis was done as objectively as
possible; it depended on ADOS, ADI-R, CARS, and clin-
ical judgment, and additional analyses (Ventola et al.
2006) indicated that clinical judgment had very good
agreement with ADOS and CARS scores. Nevertheless,
bias in arriving at a diagnosis based on knowledge of
screening results cannot be excluded.

The current study was not designed to directly compare
different methods of screening. Although the American
Academy of Pediatrics recently (AAP 2006) recommended
that all children be screened specifically for autism at
18 months, this recommendation was made on theoretical
rather than empirical grounds. It is possible that an effec-
tive broad band screening and surveillance would detect
children with ASD with adequate sensitivity. It would be
useful to directly compare these two screening approaches
empirically.

Overall, the results of this study suggest that the M-
CHAT can be useful in detecting ASD in children 16—
30 months. The scoring criteria established with the first
set of participants (Robins et al. 2001) continue to be valid.
Furthermore, the M-CHAT has been successfully incor-
porated into pediatric visits with minimal disruption. The
biggest shortcoming appearing to date is the low PPV of
the screener in unselected populations, before the telephone
interview. Unless the number of failed items is high to
begin with, the use of the telephone interview to review
failed items, either in person or on the telephone, is crucial
to avoid unnecessary referrals. Clinical decisions can be
made in different settings. Pediatricians dealing with low-
risk, unselected samples might choose to use a higher
cutoff for failing; this would, of course, improve the PPV,
but would lead to an increase in missed cases. Based on
current data, the optimal course seems to be to use the
current cut-offs, but for low-risk samples, to always use the
follow-up interview to confirm responses, and perhaps to
institute a second level screen or more in-depth parent
interview and behavior observation for borderline cases,
before a full-scale autism evaluation is instituted.
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