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Abstract

The need for autism-specific screening during pediatric well-child visits has been established.
However, additional support for specific screening instruments is needed. The current study used
the Modified Checklist for Autism in Toddlers (M—CHAT) and the M—CHAT Follow-Up
Interview to screen 4797 children during toddler checkups. Of the 4797 cases, 466 screened
positive on the M—CHAT; of the 362 who completed the follow-up interview, 61 continued to
show risk for autism spectrum disorders (ASDs). A total of 41 children have been evaluated; 21
children have been diagnosed with ASD, 17 were classified with non-ASD delays, and three were
typically developing. The PPV of M—CHAT plus interview was .57. It is notable that only four of
the 21 cases of ASD were flagged by their pediatrician. These findings suggest that the M—CHAT
is effective in identifying ASD in primary care settings. Future research will follow this sample
longitudinally.
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Screening offers the unique opportunity to alert primary care physicians and other healthcare
providers to cases in the population that require further clinical attention. Effective screening
is low cost in terms of time, money, and healthcare resources, and efficient in terms of
maximizing sensitivity (the ability to detect the disorder in the sample) and specificity (the
ability to detect wellness, or lack of the disorder). It is not possible to screen for all disorders
that may affect young children; however, priority is generally given to those disabilities that
have one or more of the following traits: high frequency of occurrence (e.g. hearing
impairment), improved outcome if detected early (e.g. phenylketonuria), and efficient, low-
cost screening methods available (e.g. heel stick to test newborns for multiple metabolic and
genetic disorders). The American Speech-Language—Hearing Association has identified the
principles of screening clearly and succinctly in the context of screening for hearing
impairment (Gravel et al., 1993); the same principles can be applied to other disorders.
Screening is warranted when (1) the cost of not detecting the disease is high, for example in
terms of prevalence, severity of disease, cost of treatment, (2) diagnostic criteria are
identified, (3) treatment is available, (4) early treatment is more effective than later
treatment, and (5) an appropriate screening instrument is available. The new guidelines on
developmental screening, issued by the American Academy of Pediatrics (AAP) in July
2006 (Duby et al., 2006) and emphasized again in November 2007 (Johnson and Myers,
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2007) highlight the need for screening using standardized instruments to be incorporated
into well-child visits for infants and toddlers.

Given the above criteria, it is imperative that screening for autism spectrum disorders (ASD)
is conducted at the population level, also referred to as Level 1, low-risk, or first-stage
screening. Evidence suggests that ASD is no longer rare; recent prevalence rates of disorders
on the autism spectrum have been reported to be as high as 60-116 per 10,000 (Baird et al.,
2006; Fombonne, 2006; Harrison et al., 2006; Moldin and Rubenstein, 2006; Williams et al.,
2006). Diagnostic criteria are identified for autistic disorder and pervasive developmental
disorder not otherwise specified (PDD-NOS) (American Psychiatric Association, 2000).
Several models of intervention have been shown to improve communication, increase social
relatedness, or reduce autistic symptomatology (Howlin, 2005; Jensen and Sinclair, 2002;
Kasari et al., 2006; McConnell, 2002; Yoder and Stone, 2006). Increasing evidence suggests
that early intervention results in increased developmental gains in domains such as
communication, social interaction, and cognitive ability (Bryson et al., 2003; Dawson and
Osterling, 1997; Dawson et al., 2000; Harris and Handleman, 2000; Lord, 1995; 1997,
McGee et al., 1999; McGovern and Sigman, 2005; Rogers, 1996; Woods and Wetherby,
2003), greater independence (Gabovitch and Wiseman, 2005), and improved quality of life
(Gabovitch and Wiseman, 2005).

Early identification also is critical for reducing the delay in the primary healthcare
provider’s referral to a specialist who can diagnose ASD (Koegel et al., 2005), which will
reduce the burden of ASD on individuals and society at large. Although the validity of early
diagnosis was initially questioned, several longitudinal studies have shown that the majority
of diagnoses made around the second birthday are stable when children are re-evaluated at
age 4 or older (Charman et al., 2005; Cox et al., 1999; Freeman and Cronin, 2002; Lord,
1995; Lord et al., 2006; Moore and Goodson, 2003; Stone et al., 1999), heightening the need
for effective screening procedures. The weakest area of screening for ASD at the present
time is data supporting the appropriateness of specific screening instruments. However,
several promising instruments have been developed in the last decade (Baron-Cohen et al.,
1992; 1996; Robins et al., 1999a; 2001; Siegel, 2004). Therefore, although one recent article
argued against universal screening for ASD in the United Kingdom (Williams and Brayne,
2006), the consensus in the United States favors screening since the benefits are substantial.
Much of the ASD screening literature has looked at two types of screening settings. Level 1
screening measures are appropriate for widespread use among a general pediatric
population, whereas Level 2 screening instruments are designed for use in a subsample of
the population identified as at risk for the disorder. Level 1 screening instruments must be
brief and low cost, since many of the children screened are not at risk. In contrast, Level 2
screening measures can require more time or expertise to administer, since children in the
Level 2 sample have a greater likelihood of having the disorder. In order to identify as many
children as possible in the population, Level 1 screening through primary care providers is
critical, given that until children are identified as being at risk, they are unlikely to see other
professionals or specialists. For additional detail regarding the key issues in ASD screening,
please refer to recent reviews (Carr and LeBlanc, 2007; Chakrabarti et al., 2005; Coonrod
and Stone, 2005; Dumont-Mathieu and Fein, 2005; Mawle and Griffiths, 2006; Nadel and
Poss, 2007; Robins and Dumont-Mathieu, 2006).
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As a result of overall agreement that screening is necessary, a large inter- disciplinary group
outlined practice parameters for improved early detection of ASD (Filipek et al., 1999;
2000). However, one recent survey of pediatricians (Sand et al., 2005) indicated that fewer
than 25 percent are regularly incorporating screening with standardized instruments into
well-child visits, and a second study found that fewer than 10 percent of pediatricians are
using ASD-specific screening instruments (Dosreis and Weiner, 2006).

Furthermore, implementation and maintenance of screening pose significant challenges. One
study found that although for the duration of the study, the age of identification dropped, the
following year the age of diagnosis rose back to its original level (Holzer et al., 2006). The
current AAP guidelines (Duby et al., 2006), released in July 2006, provide an update to
these practice parameters, and recommend that primary care physicians incorporate
standardized developmental screenings into three well-child visits (9, 18, and 24-30
months), with additional ASD-specific screening at 18 months. A reply to this policy
statement, written by the AAP Autism Expert Panel (Gupta et al., 2007), suggested ASD-
specific screening twice, at 18- and 24-month checkups, to identify children whose
symptoms emerge later than 18 months. A specific instrument is not recommended by the
2006 policy statement, due to variability in standardization, psycho- metric properties, and
the normative samples used in instrument development. However, the statement includes an
extensive list of potential measures for healthcare providers to consider, and notes that
additional research into the utility of specific screening instruments for Level 1 screening is
critical to provide empirical support for screening best practices.

The most recent article from the Council on Children with Disabilities (Johnson and Myers,
2007) builds on the 2006 policy statement. It recommends routine ASD surveillance at every
well-child visit. In addition, there are two indications for ASD-specific screening: (1) if the
child is attending an 18- or 24-month visit, screening should occur regardless of the
surveillance results; and (2) if at any other visit surveillance indicates risk for ASD,
screening should occur.

The recent articles (Duby et al., 2006; Johnson and Myers, 2007) include mention of four
ASD-specific instruments that have been studied in Level 1 screening samples.

The Checklist for Autism in Toddlers (CHAT) (Baron-Cohen et al., 1996) was the pioneer
autism screen; however, it is currently under revision (Allison et al., 2006) to improve
sensitivity (see Baird and colleagues, 2000, for detail). Two modifications of the CHAT also
are mentioned. First, the Denver modification relaxes the scoring criteria, which will
improve sensitivity. However, it has not yet been studied in a Level 1 sample. Second, the
CHAT 23 was a combination of the M—CHAT (see below) and the CHAT’s observation
items, administered in Chinese; this also has not yet been studied in a Level 1 sample.

The Modified Checklist for Autism in Toddlers (M—CHAT) (Robins et al., 2001) was
initially studied in a mixed sample of children from primary care settings (n = 1122) and
early intervention sites (n = 171); most of the children diagnosed with ASD were from the
latter sample. A more recent article (Kleinman et al., 2000) provides further evidence for the
utility of the M—CHAT in both Level 1 and Level 2 samples. A new sample of 3309 cases
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from Level 1 and 484 cases from Level 2 screening were screened between 16 and 30
months with the M—CHAT. The positive predictive value (PPV) of the entire sample was .
36, identical to the initial M—CHAT study (Robins et al., 2001); when the follow-up
interview was included in the calculation of PPV, it rose to .74. The PPV in the Level 1
sample was much lower than in the Level 2 sample (.11 versus .60), although when the
follow-up interview was included the PPV rose to .65 and .76, respectively. A subset of
cases was rescreened and re-evaluated around age 4; of 1416 children from combined Level
1 and Level 2 samples, including 120 children who received confirmatory clinical
evaluations, seven missed cases were identified. Although sensitivity and specificity cannot
be determined with certainty (given that only a subset of children have been followed at the
second time point), the upper bound of sensitivity is .91.

The Pervasive Developmental Disorders Screening Test—Il (PDDST-II) (Siegel, 2004)
includes a Level 1 screen, but the validation sample reported in the manual is not from a
Level 1 sample, and peer-reviewed studies of the PDDST-II have not yet been published.

Finally, the Social Communication Questionnaire (SCQ) (Rutter et al., 2003a) is designed
for children over 4 years old, and is therefore not appropriate for screening at 18 months.

The current study presents a Level 1 sample of children screened for ASD with the M—
CHAT during 18- and 24-month well-child checkups with primary care providers. It is the
first article to screen an exclusively Level 1 sample using the M—CHAT, and also provides
cross-validation for the Level 1 sample reported in Kleinman et al. (2008). Using the
procedures and scoring described in Robins and colleagues (2001), children were referred
for follow-up if initial screening demonstrated risk for ASD. The goal of the current study is
to provide evidence for the utility of Level 1 screening for ASD in the primary care setting,
which is critical given the AAP guidelines for universal ASD-specific screening.

Recruitment and Study Procedures

All participants attended a well-child visit at the office of a participating healthcare provider
in metro-Atlanta, GA between March 2005 and October 2007. Healthcare providers in the
metro-Atlanta area were invited to participate by direct mailing and recruitment
advertisements on the Georgia chapter of the American Academy of Pediatrics website and
at their conferences. Currently, there are 42 sites participating in data collection: 40 are
private practices, with a total of 136 participating physicians and nurse practitioners. The
other two sites are public primary care clinics; one is staffed by four nurse practitioners, and
the other is staffed by 40 pediatric residents supervised by eight attending pediatricians.

Parents of toddlers at 18- and 24-month well-child visits were invited to participate in the
study. In order to account for families attending well- child visits off schedule, children 16—
26.9 months were eligible for participation. One primary care clinic does not see children at
18 months. Families attending this site were invited to participate at 15- and 24-month visits
(again, allowing for off-schedule visits, the minimum age was 14 months). Parents
completed the packet, which included informed consent; demo- graphic information,
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including parent’s name, child’s name, contact information, child’s date of birth, and child’s
sex; and the M—CHAT. Healthcare providers were asked to check a box labeled ‘Office Use
Only’ to indicate concerns about ASD, regardless of the parent’s M—CHAT responses. All
physicians who flagged M—CHATS received follow-up calls to determine the nature of their
concerns. Completed forms were collected by healthcare personnel and mailed to the
researchers. Participating healthcare providers were not required to score the M—CHAT;
however, they were offered the scoring instructions, and permitted to keep a copy of the
child’s M—CHAT in the patient file if they wished. Providers were encouraged to make early
intervention referrals as usual, regardless of participation in the screening study.

Parents of children whose M—CHAT scores indicated risk for ASD (i.e. at-risk scores on any
three M—CHAT items, or two of the six critical items) were called for the structured follow-
up interview. The interview was tailored to include only those items for which the child
demonstrated risk for ASD. The interview is designed to clarify and elicit specific examples
of the child’s typical behavior relevant to each M—CHAT item. If the child continued to
demonstrate risk following the interview, using the same scoring criteria as the M—CHAT
(any three items or two critical items), the family was invited for a complete clinical
evaluation. The evaluation was conducted by a team consisting of one licensed psychologist
(DLR), one doctoral student clinician, and one undergraduate research assistant to videotape
the child. Evaluations took place in a large room in the Georgia State University Psychology
Clinic, which contained an area for the child to work at a small table and play on the floor,
and an adult seating area at the other end of the room for the parent interviews. The doctoral
student administered the clinical measures of cognitive, language, motor, and adaptive
functioning, and the licensed psychologist administered the diagnostic instruments.
Following the end of testing, the examiners provided brief verbal feedback regarding
performance across domains of functioning, including language, motor, non-verbal
cognitive, adaptive, social, and play skills.

The following diagnoses were made, based on clinician judgment, using DSM-IV criteria as
a guide: autistic disorder and pervasive developmental disorder not otherwise specified
(PDD-NOS). Additional classifications which are not included in DSM-1V were made based
on clinician judgment: developmental language delay (DLD), which most closely mapped
onto DSM- 1V diagnoses of expressive language disorder, mixed receptive-expressive
language disorder, and communication disorder not otherwise specified; global
developmental delay (GDD), which most closely mapped onto mental retardation, although
this term was not used with any families, given the young age at evaluation; and broader
autism phenotype (BAP), which does not have a corresponding DSM-1V diagnosis. All non-
ASD classification required that autism and PDD-NOS were ruled out. In addition, the
following guidelines were used: classification with DLD was made when a child scored 2
SD below the mean on Mullen expressive, Mullen receptive, or Vineland communication
scores, or 1.5 SD below the mean on two of these language scores; in addition, there were
not commensurate delays noted in non-language scores (i.e. Mullen motor and visual
reception, Vineland motor). Classification with GDD was made when a child scored 1.5 SD
below the mean on at least one language score and at least one non-language score. A child
was classified with BAP when the child presented with at least one social deficit found in
the DSM-1V autism criteria, and at least one additional symptom from the communication or
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behavioral autism criteria, but coupled with other strengths that ruled out a diagnosis of
PDD-NOS. Diagnoses were made and explained to parents, and appropriate
recommendations were provided. Families received a complete written report approximately
3 weeks following the assessment. This research was approved by the Institutional Review
Board at the author’s university.

The Modified Checklist for Autism in Toddlers (M—CHAT: Robins et al., 1999a) is a 23-
item parent-report measure. The first nine items are from the Checklist for Autism in
Toddlers (Baron-Cohen et al., 1992; 1996), and the remaining items were developed by the
authors based on the literature and clinical judgment. The M—CHAT was validated on a
sample of 1293 children (Robins et al., 2001) and found to demonstrate adequate internal
consistency (C = .85). Preliminary psychometric values were reported, with the
understanding that true sensitivity and specificity cannot be deter- mined until follow-up is
completed and diagnoses are confirmed. Estimates of sensitivity and specificity in this initial
M-CHAT sample, based on the accuracy of classification by discriminant function analysis,
were reported to be .87 and .99 respectively.

The M-CHAT was scored as reported in Robins and colleagues (2001), with a positive
screen indicated by at-risk scores on any three items or two of the six critical items (items 2,
7,9, 13, 14, 15). Items for which parents circled both ‘yes’ and ‘no’ were scored as at risk;
similarly, items for which parents wrote in ‘sometimes’, ‘not usually’, or ‘occasionally’
were scored as at risk.

The M-CHAT Follow-Up Interview (Robins et al., 1999b) is a 5-20 minute interview
containing specific probes for each M—CHAT item for which the child scored at risk. The
interview is designed to elicit details about the child’s behavior, including frequency and
severity, and extracts specific examples of target behavior (e.g. pretend play). Inter-rater
reliability analyses indicate that all items have acceptable kappas (.60-1.0) except item 21
(‘Does your child understand what people say?’, K = .43). In the current study, this
interview was conducted on the telephone. The follow- up interview was scored in the same
way as the M—CHAT. At-risk responses on any three items or two of the six critical items
qualified the child for a diagnostic evaluation. The follow-up interview is designed to be
administered by healthcare paraprofessionals with minimal experience with ASD; no formal
training is required to use the interview, given that the flowchart format is explicit about
decision points, and examples of target behaviors are included in the interview.1

The clinical evaluation included the Mullen Scales of Early Learning (MSEL: Mullen,
1995), the Vineland Adaptive Behavior Scales—II (Sparrow et al., 2004), and three ASD
diagnostic instruments. Clinical judgment was used to determine diagnosis, incorporating
results from the Autism Diagnostic Observation Schedule, Module 1 (ADOS: Lord et al.,
1999), the Autism Diagnostic Interview—Revised (ADI-R: Rutter et al., 2003b), and the
Child- hood Autism Rating Scale (CARS: Schopler et al., 1988). Some participants received
the ADI-R Toddler version, an experimental version of the ADI-R obtained from the
instrument’s author. The toddler version eliminated items inappropriate for toddlers and
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added items specifically relevant to very young children; however, the algorithm items
remain identical to the standard ADI-R.

Statistical Analysis

Results

M-CHAT and all other data were scored and double-entered into a File- Maker Pro
database. Any inconsistencies were identified by the double-entry program and corrected.
Children who were too young (<14 months) or too old (>26.9 months) were excluded from
the study, although families of excluded children with at-risk M—CHAT scores were notified
and it was recommended that they contact their physician regarding any developmental
concerns. Analyses included descriptives, t-tests, and analysis of variance to investigate the
performance of the M—CHAT in identifying children at risk for ASD.

The sample included 4797 children who were screened during 15-, 18-, or 24-month well-
child pediatric visits (mean age = 20.92 months, SD =3.10 months, range = 14.03-26.97
months). The sample consisted of 2384 males (49.7%), 2280 females (47.5%), and 133
children for whom sex was not identified (2.8%). Ethnicity data were ascertained for 1177
participants: 779 were Caucasian (66.2%), 246 were African-American (20.9%), 32 were
Hispanic/Latino (2.7%), 24 were Asian (2.1%), two were Hawaiian/Pacific Islander (.1%),
and 94 were other ethnicities (8.0%). Refusal rates of families who chose not to participate
have been ascertained from a subset of participating physicians (seven sites, 25 physicians).

Refusal rates range from less than 1 percent to 20 percent, and appear to vary based on the
office staff’s approach to introducing the M—CHAT study; this will be evaluated more
systematically in future research.

Of the 4797 children screened, 466 (9.7%) required follow-up based on the scoring outlined
in Robins et al. (2001) (see Figure 1). Of these 466 cases, 362 follow-up interviews were
completed (77.7%) and 104 families were not reachable or declined to participate further
(22.3%). The mean age at follow-up interview was 23.56 months (SD = 4.25, range 14.57—
43.27); time between completion of the M—CHAT and the follow- up interview averaged
3.00 months (SD = 2.84, range 0-18.47 months). Mean M—-CHAT score was not different
for those families who did not complete the structured follow-up interview, relative to those
families who completed the interview (4.30 and 4.00, respectively, t(465) = 1.31, p =.19).
Although every attempt was made to complete the follow-up inter- view within 1 month of
the initial M—CHAT screen, participants were invited to continue participating at any time.
Overall, 62.5 percent of inter- views were conducted within 3 months of the initial M-
CHAT screen (n = 222), 26.5 percent were 3—6 months after the screen (n = 94), 9.3 percent
were 6-12 months after (n = 33), and 1.7 percent were more than a year after (n = 6); seven
children were missing a correct date and were not included in these calculations. Change in
scores between initial M—CHAT and interview for children whose follow-up interview was
completed within 1 month of the M—CHAT screen did not differ from children whose
interview was delayed more than 1 month (t(353) = -.929, p = .35; mean score change for
short delay = 2.90, mean score change for long delay = 3.10). It also is of note that the
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average delay between M—CHAT and follow- up interview for those families who
completed the evaluation was only 1.73 months (SD = 1.15, range 0-4.93 months).

Of the 362 participants who completed the telephone interview, 301 (83.1%) required no
additional follow-up. Sixty-one children (16.9%) continued to demonstrate risk for ASD and
were invited to participate in the clinical evaluation, and four children passed the M—CHAT
or interview but were flagged by the healthcare provider, totaling 65 children invited to
participate in the clinical evaluation. Six children were excluded for severe neurological,
physical, visual, or hearing deficits that precluded the child’s ability to complete the
standardized evaluation measures. Five families were not reachable to schedule the
evaluation, 13 families declined to attend the evaluation, and 41 agreed to participate in the
evaluation.

Mean age at time of evaluation was 24.34 months (SD = 3.92, range = 16.77-33.80).
Twenty children were evaluated before the second birthday (11 in the non-ASD group and
nine in the ASD group). M—CHAT scores of families who completed the follow-up
interview but did not attend the evaluation were not significantly different from those who
attended the evaluation (t(60) = 1.049, p = .3), nor were the follow-up interview total scores
different among the groups (t(55) = 1.360, p = .18). Of the 41 children who have been
evaluated, 21 were diagnosed with ASD (51.2% of evaluated cases: five autism, 16 PDD-
NOS); of the remaining 20 evaluated cases, four were classified with broader autism
phenotype (BAP), meaning that they demonstrated notable features of ASD but not above
the clinical threshold; 11 with language delay; one with global cognitive delay; one with
other non-ASD developmental delay; and three were found to be typically developing. For
all analyses, children with BAP were classified as non-ASD. All children were seen within
10 months of completing the M—CHAT (mean time between M—CHAT and evaluation =
3.30 months, SD = 1.94 months, range 1.20-9.87 months).

Physicians flagged 19 M—CHATSs indicating concern about the child’s development. Upon
follow-up with these physicians, nine reported concerns about ASD specifically, whereas the
other nine were concerned with language and speech delays (and one did not respond to
requests for more information); only the nine cases for whom the physician had ASD
concerns were evaluated. It is of note that of the nine children for whom the physician had
ASD concerns, six were identified by the M—CHAT, and five of those cases continued to
meet eligibility for the evaluation after the follow-up interview. In only four cases did the
physician flag a case that was not also determined to be at risk based on M—-CHAT plus
interview; however, due to the physician’s concern, each of these cases was evaluated. Of
these four cases for whom the M—CHAT score was not of concern but the pediatrician
suspected ASD, all were classified with non-ASD delays: one child was classified with
language delay, one with global developmental delay, and two with BAP. Of the five cases
for whom M—CHAT plus inter- view score would have qualified for the evaluation
regardless of the pediatrician’s flag, one child received no diagnosis, two were diagnosed
with PDD-NQOS, and two with autism. It is notable that all four of the pediatrician flagged
children diagnosed with ASD were identified by the M—CHAT and interview, although only
one of the two classified with BAP was identified based on M—CHAT score, and he did not
demonstrate risk on the follow-up interview and would not have been seen for evaluation
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had it not been for the physician’s concern. Therefore, if one considers the “hit rate” of
physician concerns to be four of the nine cases for whom there were ASD concerns, the PPV
for physician concern is .44; however, it is notable that the upper bound of sensitivity is
quite low, given that physicians only noted concerns in four of the 21 children diagnosed
with ASD (.19).

Children who were evaluated were divided into two groups: children who were not
diagnosed with ASD (hon-ASD: n = 20), and children who were diagnosed with ASD (n =
21). No significant difference in age of screening, telephone follow-up, or evaluation was
observed (ps > .3). Comparison of total and critical scores on the M—CHAT and follow-up
interview indicated that children with ASD had higher scores than the non- ASD sample on
the M—CHAT total and critical score, and the follow-up interview critical score, and a trend
toward higher follow-up interview score (Table 1). Comparison of cognitive, language,
motor, and adaptive functioning levels between the two groups indicated that the ASD group
was significantly more impaired on all scales on the Mullen Scales of Early Learning, and
on the communication domain and the adaptive behavior composite of the Vineland-II, than
the non-ASD sample, and the ASD group showed a trend for more severe impairment on the
socialization domain of the Vineland-Il (Table 2), with small to moderate effect sizes. With
the exceptions of Mullen expressive language and Vineland-I1 adaptive behavior composite,
these differences remained significant when the three children who were typically
developing were removed from the sample, suggesting that even among the subsample of
children with delays, the ASD sample demonstrated greater impairment than children with
non-ASD delays.

Positive predictive value (PPV) is the proportion of cases identified in the screening who are
diagnosed with ASD. Given that the cases who did not complete participation cannot be
classified as ASD or non-ASD, PPV for M—CHAT alone and M-CHAT plus follow-up
interview were calculated based on completed cases. Of the 362 cases who initially failed
the M—CHAT and completed the follow-up interview, 21 were diagnosed with ASD,
indicating PPV of .058. However, most children who failed the M—CHAT passed the
follow-up interview. Given that the follow-up interview is an integral part of the M—-CHAT
procedure, it is reasonable to calculate PPV based on the combined M—CHAT plus interview
score. Therefore, the PPV for M—CHAT plus interview was calculated as 21 of 37 screen-
positive completed cases (excluding the four cases who passed the M—CHAT or interview
but were evaluated based on the pediatrician’s concerns of ASD), which brings the PPV to .
57.

Discussion

This study demonstrates the feasibility of Level 1 screening for ASD in the primary care
setting. To date, 21 children have been identified with ASD from a sample of 4797 toddlers,
based on the results of a brief screening instrument completed during the 15-, 18-, or 24-
month well-child visit. It is of note that only four of the 21 children diagnosed with ASD
were flagged by healthcare providers (in addition to five false-positive pediatrician flags),
suggesting that standardized screening measures are critical for the early detection of ASD
to supplement other pediatric practices. In these four cases, the M—CHAT and follow-up
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interview also indicated risk for ASD. Pediatrician concern in the absence of M—CHAT plus
interview risk led to four additional evaluations; however, none of these children received a
diagnosis of ASD (please note that the clinician was blind to M—CHAT total score and
whether the pediatrician flagged the M—CHAT until after the diagnostic evaluation was
complete, although the clinician was aware that most children evaluated demonstrated risk
for ASD on the M—CHAT). Therefore, these preliminary findings suggest that
developmental surveillance alone is not sufficient to identify all children with ASD, and
does not reduce the false negative rate of standardized screening with the M—CHAT. This
leads to the conclusion that screening will improve the pediatrician’s ability to refer toddlers
at risk for ASD. However, it also highlights that at-risk scores on the M—CHAT plus
interview, combined with the pediatrician’s flag for ASD concerns, were highly accurate in
identifying ASD cases (80% of cases for whom both M—CHAT plus interview and
pediatrician concerns were indicated were diagnosed with ASD). Although the M—CHAT
and follow-up interview identified a number of false-positive cases (16 of the non-ASD
cases were identified based on M—CHAT plus interview), 17 of the 20 false- positive cases
demonstrated significant language or global cognitive delays, which warranted intervention.
The typically developing children had parents who were extremely vigilant to ASD
concerns; for example, one child had an older sibling with ASD, and another had a cousin
with ASD.

The group of children diagnosed with ASD had higher M—CHAT total and critical scores,
and higher follow-up interview critical scores, than the children who were not diagnosed
with ASD. In order to rule out the possibility that the three typically developing children
impacted these analyses, the t-tests were run excluding these three participants; M—CHAT
total, interview total, and interview critical scores remained statistically significant (ps = .
017-.049), and M—CHAT critical score showed a trend toward significance (p = .062). The
effect sizes for these analyses are consistent with the findings from the sample presented in
Robins and colleagues (2001). The ASD group demonstrated significantly more severe
impairment com- pared to the non-ASD group on all Mullen scales (fine motor, visual
reception, receptive language, expressive language, and early learning composite), and the
communication domain and adaptive behavior composite on the Vineland-II, with a trend
toward significance for the socialization domain. This suggests that even when a sample is
selected for further evaluation based on M—CHAT ASD risk, the children with ASD are
likely to show greater impairment across clinical domains of functioning. Evidence for
greater clinical impairment in ASD relative to non-ASD delays is consistent with Ventola
and colleagues (2006), who examined a much larger mixed-stage (i.e. Level 1 and Level 2)
sample of children screened using the M—CHAT.

Although this was not a prevalence study, the topic merits consideration. In comparison to
the range of 6-11 per 1000 described in the literature (Baird et al., 2006; Fombonne, 2006;
Harrison et al., 2006; Moldin and Rubenstein, 2006; Williams et al., 2006), the current study
identified four cases per 1000. However, not all children who screened positive continued
participation throughout the entire study. Although it is impossible to know whether those
participants who discontinued participation would show the same rate of ASD, it is of note
that there were no significant differences between the M—CHAT and follow-up interview
scores of those who completed the study and those who did not complete the study. If one
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were to presume that the rate of ASD is similar for the 22 percent of cases who did not
complete the follow-up interview, it is possible that one child with ASD may have been lost
due to incomplete data. Furthermore, given that 24 families continued to show risk for ASD
after the M—CHAT follow-up inter- view but did not attend the diagnostic evaluation, it is
likely that several more children with ASD were lost due to incomplete data, based on the
data that 21 of the 41 evaluated cases were diagnosed with ASD. Therefore, it is possible
that were we to ascertain 100 percent participation from all toddlers who demonstrated ASD
risk on the M—CHAT, the identification rate by the M—CHAT would fall within the range of
published prevalence rates of ASD.

However, one also must consider that participation bias may have led to an even higher
ASD prevalence among this sample than would be predicted from population-based
prevalence estimates. It is important to note that this conjecture does not replace
measurement of the M—CHAT’s sensitivity, which will be accomplished by rescreening the
entire sample at age 4.

Criticism about current recommendations for ASD screening (Williams and Brayne, 2006)
highlights that ASD screening research is still in the early stages of development and cross-
validation, that better case definition is required before successful screening programs can
be developed, and that screening instruments need further study before they are
recommended for use (Mawle and Griffiths, 2006). It can be argued that the diagnostic
criteria in the Diagnostic and Statistical Manual of Mental Disorders (American Psychiatric
Association, 2000) provide sufficient case definitions for autism and PDD- NOS, the two
disorders on the autism spectrum likely to be detected in toddlers. It is true that disorders
that are behaviorally defined will not have the same level of agreement as biologically
defined disorders, but this should not be an obstacle to screening. It is unlikely that
instruments with perfect sensitivity and specificity can be developed for disorders like ASD
that are behaviorally defined. There will always be a tradeoff between false positives (which
reduce positive predictive value and specificity) and false negatives (which reduce
sensitivity). It would be a tremendous clinical disservice to assume that screening should not
be recommended until the research supporting specific screening instruments and
procedures is un- equivocal; it will take several more years before complete follow-up data
are available for large samples of children screened at toddler pediatric visits. Furthermore,
sensitivity and specificity may not be the ‘gold standard’ by which to evaluate the utility of a
screening instrument (Camp, 2006). An instrument that is able to detect some cases of ASD
earlier than would be identified by general clinical practice provides the advantage of earlier
referral for diagnostic evaluation and intervention. The psychometric properties of the M-
CHAT have not been fully studied in an exclusively Level 1 sample; however, preliminary
findings indicate that the M—CHAT does identify a significant number of ASD cases during
toddler pediatric check- ups (20 of 3309 in Kleinman et al. (2008), and 21 of 4797 in the
current study). Although the PPV is not as high as was hoped, particularly from the M-
CHAT alone without the follow-up interview, the PPV of the M—CHAT plus follow-up
interview is .57 in the current study and .65 in Kleinman et al. (2008). It also is of note that
nearly all cases identified by the M—CHAT plus interview are children with significant
delays who warrant intervention. Therefore it is reasonable, as Bryson and colleagues (2003)
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urge, to use caution in interpreting screening results until additional data are published, but
to advocate Level 1 screening for ASD in all toddlers.

This conclusion is consistent with the recent AAP policy statement (Duby et al., 2006) and
autism-specific screening guidelines (Johnson and Myers, 2007), which call for ASD-
specific screening at all 18- and 24-month well- child visits, alongside routine ASD
surveillance and broadband screening for other developmental disorders. The M-CHAT is a
promising standardized instrument to facilitate Level 1 ASD screening, and can be
administered with minimal intrusion on the healthcare provider’s office practice. Although
not expected to detect non-ASD delays, the M—CHAT can be used in conjunction with a
general screening instrument to maximize early detection of ASD. Furthermore, the
structured follow-up interview can be administered by a primary healthcare provider or
paraprofessional during the well-child visit, in order to determine risk for ASD and need for
referral immediately.

This study demonstrates the utility of Level 1 screening for ASD in toddlers using the M-
CHAT in the primary care setting. It also reframes the M—CHAT as a two-step screening
instrument; the use of the paper-and- pencil M—CHAT screen without the follow-up
interview is not advocated in the primary care setting at this time. Approximately 90 percent
of children will not demonstrate risk on the M—CHAT; however, for the 10 percent who do
show risk on the initial M—CHAT screen, use of the follow-up interview should be
integrated into the well-child visit. The interview has been designed for use by professionals
and paraprofessionals with minimal experience with ASD, and can usually be conducted in
5-15 minutes. Use of the interview brings the PPV to .57, which is a moderate level. Future
research will further evaluate the psychometric properties of the instrument in a large-scale
longitudinal Level 1 screening sample, and will directly compare the sensitivity of the M—
CHAT with broadband developmental screening, in order to provide empirical support for
the recommendation for Level 1 screening using an ASD-specific instrument as a
supplement to general developmental screening.
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Figure 1. Flowchart of participation, based on risk for ASD
* Four additional cases were invited for evaluation based on the physician’s concern, though

the child passed the M—CHAT or Follow-Up Interview. None of these children was

diagnosed with ASD.
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M-CHAT and follow-up interview scores for children evaluated based on M-CHAT risk

Table 1

NonASD  ASD

(n=20) (n=21) t Eta?
M-CHAT total 5.50 7.95 2421 131
(D) (3-33) (3.15)
M-CHAT critical 1.95 3.05 2395 .128
(D) (1.40) (1.53)
Follow-up Interview total 4.83 6.52 —1831t .083
(D) (2.64) (3.06)
Follow-up Interview critical ~ 1.67 2.76 —2557° .150
(D) (1.03) (1.55)

*
p<.05

b
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